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Many other styles available but not shown 


Kimble offers—at no extra cost... 


the world’s most 
complete line of 


pipets. 


Including Volumetric, Ostwald-Folin, 
Measuring, Serological and 
Bacteriological pipets. 


Your laboratory dealer now has stocks of at least 20 
varieties of Kimble pipets, color-coded to provide these 
advantages for your laboratory: 


@ INSTANT SIZE IDENTIFICATION 
@ REDUCED SORTING TIME 
@ LESS CHANCE OF ERROR 
@ SIMPLIFIED CODING SYSTEM 
@ LONG-LASTING COLOR BANDS 
@ CODED, EASY-OPEN CARTONS 


There’s no extra charge for color-coding. And, Kimble 
dealers* offer new discounts of 28% when your order 
for assorted Kimble ware totals 150 cases. 


*In Fair Trade States. 
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COLOR-CODED 


Send for this handy 
Kimble color/size code 
chart. Drop a card to 
Kimble Glass Company, 
Dept. CC-2, 

Toledo 1, Ohio. 
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‘MAGNETIC 
 STIRRER 


and 


HOT PLATE 
ATTACHMENT | 


A compact, quiet-running apparatus which utilizes 
a rotating field of magnetic force to induce variable 
speed stirring action within either closed or open 
vessels. Dynamically balanced to prevent vibration 
and ‘‘walking.” 

Stirring is accomplished by means of a small 
magnetized bar, placed in the liquid to be stirred 
and rotated by magnetic force consisting of a 
permanent bar magnet attached to the shaft of an 
electric motor and mounted in an aluminum hous- 
ing with flat top 43 inches diameter and 414 inches 
high, on cast metal base. 

Can be used either on the table or on a support 
rod, attached by means of the clamp with swivel 
joint and swinging arm, an exclusive feature of the 
Thomas Stirrer. Center of stirrer top is adjustable 
between 3 and 414 inches from support rod. Stirrer 
can be easily raised or lowered on the rod, and 
swings in or out of position in a horizontal plane. 
Particularly convenient in both the mounting and 
use of closed system assemblies. 

Suitable for any stirring operation which involves 
1 ml to 1 liter of liquids with viscosities up to that 
of a 50% glycerol solution. 


9235-C. Stirrer, Magnetic, Thomas, with enclosed 
rheostat. With swing-out clamp, one %-inch Kel-F 
coated stirring bar, one 134-inch Pyrex coated stirring 
bar, 8 ft. 3-wire connecting cord, and directions for use; 


9235-G. Ditto, without stirring bars......... 34.25 
9236-K. Hot Plate Attach t, Th Magne-Matic®, 450 


watt, with separable Temperature Controller. Heat deflector minimizes 
heat transfer to motor of stirrer. Black oxidized top plate 544 inches 
diameter. Maximum surface temperature 720°F (385°C). Fits over 
magnetic stirrers 4% inches diameter. With cord and plug; for 115 


9236-M. Ditto, but without Temperature Controller....... 45.00 


9235-C. - 
Magnetic Stirrer 


9236-K. 
Hot Plate Attachment, 
in position on Stirrer 


9235-S5. 
Cross-section showing 
arrangement of magnets 


9235-S5. Magnetic Stirrer—Hot Plate Combina- 
tion, consisting of 9235-C Magnetic Stirrer and 9236-K 
Hot Plate Attachment, complete with separable Tem- 
perature Controller. For 115 volts, 60 cycles, a.c. 92.95 


9235-S7. Ditto, without Temperature Controller 


EXCLUSIVE FEATURE... 
swivel clamp with swinging arm 


Showing Stirrer only in 
use in a closed system 
such as Karl Fischer 
for determination of 
water content. 


Stirrer swings aside to 
permit convenient and 
safe removal of vessel 
containing sample. 


For more detailed information, see pp 900-901 of our new 1961 catalog. 
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PHILA USA 


LABORATORY APPARATUS 


More and more laboratories rely on Thomas 


ARTHUR H. THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT SRD ¢ PHILADELPHIA 5, PA. 
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An outstanding new addition to the 
REINHOLD CHEMISTRY TEXTBOOK SERIES 


Consulting Editors: Catvin A. VANDERWERF, of Kansas and 
Harry H. SIsuer, University of Florida 


CHROMATOGRAPHY 


Edited by ERICH HEFTMANN, 
Steroid Section, National Institute of Arthritis and Metabolic Diseases, National Institutes of Health 
Contributions by 35 of the world’s foremost teachers and research workers 
November 1961, approximately 800 pages, 6 X 9, $17.50 


THIS COMPLETE TREATISE on the theory, techniques and 
applications of chromatography and electrochromatog- 
raphy is the first modern treatment of the entire sub- 
ject to appear in one volume. Written by some of the 
world’s foremost authorities, each topic is treated with 
special emphasis on the most important, most recent, and 


most useful features of these widely applicable differen- _ 


tial migration methods. 

Literature on chromatography and electrochromatog- 
raphy is appearing at an ever-increasing rate. This 
volume enables the individual to obtain a thorough ac- 
quaintance with the whole field, and keeps him abreast 
of current developments. The authors selected are 
highly competent specialists, and proficient in commu- 
nicating their ideas. Each contribution has been re- 
viewed and criticized by one or two other contributors. 


The first half of the book deals with the theories and 
techniques of the subject and is suitable for basic in- 
struction. The second half, dealing with the applica- 
tions to important classes of compounds, is of particular 
interest to advanced students and research workers. 
There are ample references to current papers, books and 
review articles for the advanced reader. The fact that 
this book combines ideas from various fields in an or- 
ganized manner provides an opportunity for the special- 
ist to introduce ideas from other disciplines into his own. 

The book will be of special value not only to chem- 
istry teachers and students at the undergraduate and 
graduate levels, but to almost all chemists and allied 
professions. It thoroughly presents the most efficient 
methods of separation used in organic, inorganic, indus- 
trial, and biological chemistry. 


Contents and Contributors 
Part TWO. APPLICATIONS OF CHROMATOGRAPHY 


Part ONE. FUNDAMENTALS OF CHROMATOGRAPHY 


_ Preface, Erich HeEFTMANN; 


Chapter 1. Historical Introduction, L. ZecH MEISTER 
Chapter 2. Differential Migration Methods 
of Analysis, Harotp H. Strain 
Chapter 3. Theory of Chromatography, J. Carvin Gippincs 
Chapter 4. Adsorption, CHarRLEs H. GILes 
Chapter 5. Techniques of Solid-Liquid Adsorption 
Chromatography, LENNarT HacpAHL 
Chapter6. Theoretical Basis of Partition Chromatography, 
J. Cavin Gipprnes and Roy A. 
Chapter?. Techniques of Liquid-Liquid Partition 
Chromatography, Kare, Macex 
Chapter 8. Techniques of Gas Chromatography, 
A. I. M. Kevtemans and H. M. McNair 
Chapter 9. Theoretical Basis of Electrophoresis and 
Electrochromatography, J. McDona.p 
Chapter 10. Techniques of Electrochromatography, 
Her1Bert MicHi 
Chapter 11. Principles and Analytical Applications 
of Ion Exchange, Harotp F. Watton 
Chapter 12. Techniques of Ion Exchange Chromatography, 
Rosert Kunin 
Chapter 13. Molecular Sieve Processes, 


Per Fiopin and JERKER PoratH 
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Chapter 14. Chromatography of Amino Acids and Peptides, 
Kart A. Prez and Harry A. SaRorr 
Chapter 15. Chromatography of Proteins, Huco Fasotp, 
GeErD GUNDLACH, and FrrepricH TURBA 
Chapter 16. Chromatography of Lipids, Lrnpsay J. Morris 
Chapter 17. Chromatography of Terpenes, Carotenoids, and 
Fat-Soluble Vitamins, Joun W. Porter and 
Davin G. ANDERSON 
Chapter 18. Chromatography of Steroids, Erich Herrmann 
Chapter 19. Chromatography of Carbohydrates and 
Related Compounds, Grorce N. KowKaBANY 
Chapter 20. Chromatography of Alkaloids, ANNELIESE 
RoMEIKE 
Chapter 21. Chromatography of Nucleic Acids and 
Related Substances, WaLpo E. Coun 
Chapter 22. Chromatography of Chlorophylls and Various 
Porphyrins, Haroup H. Strain 
Chapter 23. Chromatography of Water-Soluble Vitamins 
and Antibiotics, GrusepPe SCHOEN 
Chapter 24. Chromatography of Phenols, J. B. HaRBoRNE 
Chapter 25. Chromatography of Inorganic Ions, | 
Frank H. Speppine and Jack E. 
Chapter 26. Chromatography of Nonhydrocarbon 
Gases, JAROSLAV JANAK 
Chapter 27. Chromatography of Hydrocarbons, 


D. H. Desty and A. Gotpup 


Order from your bookstore or from 
REINHOLD COLLEGE TEXTBOOK DEPARTMENT 
430 Park Avenue, New York 22, N.Y. 
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The SARGENT Model XV 


This new Sargent POLAROGRAPH gives 


RECORDING POLAROGRAPH °® 


offers you— 


@® FULL 10 INCH 
CHART 


® 1/10% ACCURACY 
OF 
MEASUREMENT 


® TEN STANDARDIZED 
POLARIZING RANGES 


Current Ranges: 19, from .003 to 1.0 uA/mm. 
you a large 250 mm (10 inches) chart and the Polarizing Ranges, 0 to —1; —1 to —2; —2 to —3; —3 to —4; +.5 to —5; 
highest accuracy and current sensitivity at the wales 0 to —2; —2 to —4, +1 to —1; 0 to —3; +1.5 to —1.5. 
lowest price of any pen writing polarographic Balancing Speed: standard, 10 seconds; | second or 4 seconds optional. 
instrument on the market. Bridge Drive: synchronous, continuous repeating, reversible; rotation 
It offers you optimum specifications based on time, 10 minutes. ; , 
over twenty years of leadership in design, manu- voltage anks, 
facture and service in this specialized field of Current Accuracy: 1/10% F 
analysis. Voltage Accuracy: 
ducibility to 1/10% and analytical accuracy to Writing Plate: 10% x 12% inches; angle of slope, 30°. 
%4%. To make use of this facility, the instru- Standardization: manual against internal cadmium sulfate standard cell 
ment must be accurate to 1/10% and chart for both current and voltage. 
space must be provided for recording large Damping: RC, four stage. ; 
steps to achieve measuring precision. We strongly Pon: ball point; Leroy type optional. _, . 
advise against the purchase of any polarographic Suppression: cell powered, 6 times 
instrument using miniature (5 inch) charts and Potentiometric Range: 2.5 millivolts, usable as general potentiometric recorder. 
low gain balancing systems in the 1% order of Finish: case, enameled steel; panels, anodized aluminum; writing 
precision. plate, polished stainless steel; knobs and dials, chromium 
This Model XV is adaptable to 10° M deter- 
minations with the S-29315 Micro Range Net Weight: 65 pounds. 


Extender. 
®Registered Trade Mark (Pat. No. 2,931,964) 


Catalog number $-29310 with accessories and supplies. . . .$1585.00 


For complete information write for Sargent Bulletin P 
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Chemical Instrumentation 


S. Z. LEWIN, New York University, Washington Square, New York 3, N. Y. 


Tic series of articles presents a survey of the basic principles, 
characteristics, and limitations of those instruments which find important 
applications in chemical work. The emphasis is on commercially available 
equipment, and approximate prices are quoted to show the order of magnitude 
of cost of the various types of design and construction. 


14. Chromatographic Equipment (continues) 


The application of an electric potential 
to a solution containing dissolved or 
suspended particles which interact with 
(i.e., feel a force due to) the field is a 
general technique for producing directed 
migration of those particles. The term 
tonophoresis was originally coined to refer 
to the movement of small inorganic ions 
under the influence of an electric field, and 
electrophoresis was later defined as desig- 
nating the analogous motion of colloidal 
particles. If the conditions in the fluid 
are so arranged that a zone, interface or 
boundary layer is initially formed by the 


specimen in the liquid medium, and if , 


there are present in the specimen particles 
having different mobilities, the application 
of the electric field causes each type of 
particle to migrate at a characteristic 
rate, and a set of more-or-less distinguish- 
able zones is formed. The resolution of a 
mixture into its components in this manner 
is called zone electrophoresis. There are 
two types of zone electrophoresis; the 
classical, free liquid technique, and the 
stabilized medium technique. 

The classical technique involves differ- 
ential electromigration in a free (i.e., 
unstabilized) liquid. In order to achieve 
effective separations by this technique, 
great care must be taken to eliminate the 
effects of mechanical vibration, agitation, 
or convective disturbances. Even with 
these factors under control, free liquid 
zone electrophoresis is generally successful 
only with high molecular weight samples, 
since the random diffusional processes 
which oppose the 4:.ected migration and 
smear out the electrophoretic pattern are 
faster, the smaller the migrating species. 

The substitution of a stabilized medium 
for the free liquid has. produced a signifi- 
cant advance in technique, for it has made 
possible many types of quick analyses and 
separations with simple, inexpensive, and 
efficient equipment. The types of sta- 
bilized media which have been employed 
include: liquid supported on paper, liquid 
held by capillary forces in packed columns 
of cellulose powder, liquid supported on 
glass powder or beads, agar gel, silica gel, 
starch gel, and polyacrylamide gel. 

Electromigration in one of these sta- 
bilized media is often a much more com- 
plex mechanism than free electrophoresis, 
fer it involves adsorption and partition 
effects superimposed upon the electric 
field effects. Hence, the terms paper (or 


starch, or agar, etc.) electrophoresis, 
which are widely used, have been criticized 
because they do not emphasize the im- 
portant roles which may be played by 
adsorption and partition. Consequently, 
the term electrochromatography has been 
proposed to cover all types of electro- 
phoretic techniques in stabilized media. 
Some authors prefer to use pherography to 
denote these techniques. 


Design Considerations for Stabilized 
Medium Pherographs 


When a voltage is applied across a 
length of one of the stabilized liquid media 
described above, the ensuing flow of 
current produces the following effects: 
(1) electromigration of charged particles 
in the direction of the oppositely charged 
electrode; (2) heating of the migration 
track, which results in evaporation of 
liquid and a consequent flow of liquid 
from the wetter to the dryer regions, and 
(3) endosmotic flow of the liquid in the 
direction of one of the electrodes. 

In the case of most of the supporting 
phases used in electrophoretic work, the 
solid tends to acquire a negative charge 
when it is in contact with an aqueous solu- 
tion containing an electrolyte. When a 
potential is applied, this charge causes the 
supporting phase to want to migrate 
toward the anode. Since it is rigid and 
cannot so migrate, the same relative mo- 
tion is produced by a streaming of the 
liquid phase in the opposite direction, 
i.e., toward the cathode. This electro- 
osmotic flow is greatest in ground glass, 
and decreases in the order agar > starch > 
paper. On paper, the rate of streaming 
increases with increasing pH. 

These factors impose a practical limita- 
tion on the length of the migration path 
for which an instrument of this type can be 
designed. If the. linear distance between 
the ends of the migration path is too large, 
the passage of current may dry out the 
central part of the supported medium 
faster than liquid can flow to it from the 
buffer reservoirs at the ends. Even with 
short path instruments, there is a con- 
siderable buffer flow from both ends to- 
ward the center of the migration path. 
The net result is a non-uniform rate of 
fluid flow as a function of distance along 
the path, as indicated schematically in 
Figure 34. As a migrating component 


feature 


moves along, it may find itself traveling 
against the current of buffer flow arising 
from factors (2) and (3) above. When it 
reaches a place where its migration veloc- 
ity is equal and opposite to the rate of 
flow of the medium, it no longer advances, 
and nothing is gained by lengthening the 
migration path or prolonging the time of 
electrophoresis. 

In general, the mobility of an ion is in- 
versely proportional to the square root of 
the ionic strength of the solution. Hence, 
the rate of electrophoresis can be speeded 
up by working in solutions of low ionic 
strength. However, reduction in the 
ionic strength causes the resistance of the 
medium to increase, and in order to gain in 
speed of migration, it is necessary to in- 
crease the applied voltage in proportion to 
the rise in resistance. 

The energy dissipated per unit time in 
the medium due to the flow of current is: 


P=EH/R=EXI 


If R is constant, as in the case of a medium 
of constant ionic strength, the power in- 
creases as the square of the applied voltage. 
If J is constant, as in the case where the 
applied voltage is adjusted to offset in- 
creases in R, the power increases linearly 
with the applied voltage. The practical 
limitation to the amount of power input 
that can be tolerated is the efficiency of 
cooling of the migration path by gas con- 
vection, evaporation, and/or a cold table 
support for the medium. 
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Figure 34A. During electrophoresis with a sup- 
ported liquid, the buffer streams across the sup- 
port as ac q e of end is plus the ef- 
fect of evaporation from the central portion of 
the migration path. 

B. The net flow of liquid is not uniform from one 
end of the path to the other. 


Each zone in an electrophoretogram 
(pherogram) tends to spread out due to 
thermal diffusion. At a given tempera- 
ture, this spreading is proportional to the 
square root of the time. Hence, an elec- 
trophoresis run should be completed in as 
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short a time as possible. In some cases 
the best separations are achieved by 
applying a high potential to the stabilized 
medium, in order to produce rapid migra- 
tion, and employing a non-aqueous liquid 
(such as toluene) in direct contact with 
the medium to remove the thermal energy 
and keep the migration path from drying 
out. 

The use of a supporting medium for the 
liquid phase through which the charged 
particles migrate makes it possible to base 
the separation of certain substances upon 
differences in the bulk of the particles. 
Thus, in the case of the various gels, the 
migrating particles must pass through the 
pores in the gel structure, and these pore 
sizes are characteristic of the type of gel 
involved. For this reason, e.g., starch gel 
electrophoresis will resolve certain samples 
into more zones than are observed with 
the same sample subjected to paper elec- 
trophoresis. In the case of the gel, 
molecular sieving aids the separation 
process. 


Specialized Types of Pherographs 


High voltage electrophoresis tanks and 
power supplies are manufactured by Servo- 
nuclear Corp., Long Island City 2, New 
York. The tanks are designed to provide 
efficient cooling either by means of a 
center partition with imbedded cooling 
coils (Model ET 24 Large Tank Paper 
Electrophoresis Fingerprint Apparatus, 
Lucite construction, accommodates 18- 
X 22-inch paper sheets on a vertical 
frame, $595), or by cooling coils imbedded 
in the sides of the tank (Model ET48, 
stainless steel coils, Lucite construction, 
accommodates 22- < 48-inch paper sheets 
on a vertical frame, $700). The power 
supplies available include a unit that can 
provide up to 5000 volts de at currents up 
to 300 milliamperes (Model EHV 5000, 
$795). 


Figure 35. Design of the vertical starch gel 
electrophoresis assembly made by Buchler In- 
struments, Inc. 

A starch gel vertical electrophoresis 


(Continued on page A716) 
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AVAILABLE THROUGH LABORATORY SUPPLY DEALERS 
THROUGHOUT THE WORLD, OR WRITE DIRECT. 


- Detailed bulletins upon request - 


‘CRYSTAL RESEARCH 
LABORATORIES, INC. 


jet Pat. app. for 


» 
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4 
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If you require ultra-sensitivity in 
your analyses of organic compounds, 
consider the advantages of F & M’s 
Model 609 Gas Chromatograph with 
flame ionization detector. It offers 
parts-per-billion sensitivity. (Typical 
sensitivity for a light hydrocarbon is 
5 to 50 ppb.) Yet, neither water nor 
air gives a signal. For these reasons, 
the Model 609 is ideal for reliable 
analyses of (1) trace components in 
complex mixtures and (2) trace 
organic materials in air or aqueous 
solutions. 

In analyses of wide boiling mix- 
tures, the Model 609 can be oper- 
ated with programmed temperatures 
up to 300°C (with a choice of 18 
linear heating rates from 0.23 to 


35°C/min). Or, the instrument can 
be operated isothermally. 

Packed analytical columns with 
lengths up to 50 feet can be used 
with the Model 609. Also, adapters 
are available for capillary columns. 


Other features of this instrument z 


include (1) attenuation from 1 to 
1,000,000; (2) line-operated elec- 
trometer; (3) independent heating 
of column, detector, and injection 


port. 


F & M SCIENTIFIC CORPORATION 


Starr Road and Route 41 + P. 0. Box 245 
Avondale, Pennsylvania COlony 8-228! 


Write today for further informa- 
tion about this versatile, reliable gas 
chromatograph. 


See the Model 609 


and other F & M gas 
chromatographic instruments on dis- 
play at the Eastern Analytical Sym- 
posium, New York City, November 
15-17 (Booth 45). 
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apparatus is available from Buchler In- 
struments, Inc., New York 31, N. Y. 
(Model 3-1070, without power supply, 
$190). The assembly, shown in Figure 
35, consists of a vertical Lucite stand, a 
gel mold, and two electrode buffer cham- 
bers. Two shelves, one on the base, the 
other on the top of the vertical stand, ex- 
tend in opposite directions and offer sup- 
port for the two electrode buffer chambers. 
The gel mold stands in the lower chamber, 
which is filled with buffer solution. The 
ionic flow to the top electrode is established 
by means of a piece of flannelette which 
serves as a wick between the top of the gel 
column and the upper buffer chamber. A 
comb assembly with 10 prongs is mounted 
at the underside of the gel block, and per- 
mits 10 samples of 0.040 to 0.045 ml each to 


beintroduced. A special constant current 
power supply which regulates the output 
current within +0.5% at any value up to 
200 ma at voltages up to 1000 v is avail- 
able for use with the starch gel apparatus 
(Model 3-1014, $362). 

An instrument designed for microelec- 
trophoresis and specialized immunological 
tests with agar-coated plates is made by 
National Instrument Laboratories, Inc., 
Washington 18, D. C. Microscope slides 
are coated with a thin film of agar, and 
placed on a support frame. Filter paper 
wicks make contact from the ends of the 
slides to the electrode buffer compart- 
ments. One unique feature of this equip- 
ment is the provision of a pair of voltage 
probes which touch the agar-coated slides 
near their ends and permit the operator to 
measure the actual potential existing 
across the migration path during the run. 
Another feature is the special pattern in 


MORE VERSATILE THAN MACRO 


Leading educators say that every experiment possible with macro chemistry can 
be performed with semi-micro. Many others not possible with macro can be done 


with semi-micro. 


ELIMINATES WASTED TIME, NOISE AND CONFUSION 


With semi-micro, students do not spend part of their time milling about while they 
collect needed chemicals and equipment. Everything needed is at their station when 


the lab period begins. 


PERMITS MORE INDIVIDUAL INSTRUCTION 


Because your time is not wasted dispensing materials, you can give students in- 
dividual assistance as needed from bell to bell. Permits you to raise learning levels 


and improve student’s techniques. 


LESS 


You will find the initial cost of apparatus, replacement cost, and cost of chemicals 
lower with semi-micro, Lets you do some of the extra things you’d like to while 


keeping within your budget. 


ADAPTS TO EXISTING CLASSROOMS 


Semi-micro fits into existing classrooms, no need to re-design present facilities. 
Only small investment in apparatus and glassware is required. 


Write today for FREE brochure .. . 


LABORATORY SUPPLIES AND CHEMICALS 


WILKENS-ANDERSON Co. 


4525 W. DIVISION ST. - 


CHICAGO 51, ILLINOIS” 


which the gel is cut for immunological 
studies. First, two small holes are cut 
out, and the samples of antigen solution to 
be tested are added to the cavities. The 
components of the samples are caused to 


ANTI MPLE 


IMMUNE SERUM 


Figure 36. A. Antigen sample is placed in 
the small circular holes and is subjected to elec- 
trophoresis to spread out the components. 

B. Immune serum is then placed in the channel, 
and allowed to diffuse into the electrophoretic 
pattern, 


migrate by applying the electric field in 
the direction of the long axis of the slide, 
as shown in Figure 36A. The slide is then 
removed from the pherograph and the 
long, narrow channel of agar is removed. 
The reagent, a solution of immune serum, 
is pipetted into this channel, and allowed 
to diffuse outward into the path of the 
electrophoretic pattern, as indicated in 
Figure 36B. Wherever an antigen and 
antibody meet, precipitation occurs, and 
after the addition of a suitable dye, a 
characteristic pattern is obtained, as shown 
in Figure 37. It is probable that this 
technique may be useful in the identifica- 
tion and estimation of other substances 
than proteins by suitable choice of the 
reactants. 

Electrophoresis in short cylindrical 
columns of polyacrylamide gel is possible 


Figure 37. A typical precipitation pattern re- 
sulting from the reaction between antigen and 
antibody as carried out by the technique illus- 
trated in Figure 36. 


with the Disc Electrophoresis equipment 
available from Canal Industrial Corp., 
Bethesda 14, Maryland (Model 12, $450). 
An open-ended glass tube, 5 mm id X 70 
mm long, is stoppered at one end, and is 


(Continued on page A718) 
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BUCTILES 
INSTRUMENTS 


The VARIGRAD 


VARIABLE GRADIENT MIXER 
FOR CHROMATOGRAPHY 


A unique apparatus FOR 

PRODUCING PRECISELY-CONTROLLED 

AND REPRODUCIBLE GRADIENTS 

Developed at the National Institutes of Health 

@ Makes small changes in specific portions of an elution 

gradient to improve resolution in certain regions of 
chromatograms. 


@ Presents gradient data for duplication in any laboratory. 


@ Single apparatus can be used to supply identical gra- 
dients simultaneously to several columns. 


@ Any number of independent gradients of different 
— or ionic species can be produced simultane- 4 4, Bulletin J-3-6000 
ously. 


Refrigerated 


... the mobile cold- 
room, refrigera- 
ated from column 
to collecting tubes 
casters... 
glassware and 
turntable tempera- 
ture-controlled. 


OTHER MODELS (for 
every program and 
budget)include 
CONTINUOUS (for 
long-term or over- 
night use) and 
SECTIONAL (for 
processing during 
fraction collecting). 


for complete information 


The MICROPUMP 


Regulates flow of solvents 
through chromatographic columns 
at a pre-set constant volume. 


THE MOST COMPLETE AND FLEXIBLE 
APPARATUS AVAILABLE for 


Zone Electrophoresis 


with PAPER, STARCH, AGAR and 
almost all other known media! 

One basic migration chamber can be adapted to 
all media * Full line of D.C, power supplies * Agar 
cutters for preparation of 
immuno slides. 


Features: 


@ CONSTANT FLOW RATE of buffer solution 
e — VOLUME from 25 ml to 950 mi/ 
our 
@ ALL COMPONENTS, which are in contact with 
the solvent, are made of teflon or glass 
@ Designed for CONTINUOUS DUTY 
@ EXCEPTIONALLY LOW COST 


Send for Bulletin 
J-3-1000 for 
complete information 


FOR AUTOMATIC ULTRAVIOLET 
MONITORING OF 
CHROMATOGRAPHIC ELUENTS 


UVISCAN 


CONTINUOUS FLOW UV MONITOR 
For Use with all Fraction Collectors 


UVISCAN makes possible speedier identification of 
compounds with great accuracy and automatically in- 
dicates, on a recorded chart, the test-tube in which 
the desired compound is contained. 


© Amplifier yields signal from 0.05 to 4 Optical Den- 
sity. Easily accessible Flow Cell with adjustable light- 
path from 1 to 10 mm. * Minimum volume 0.125 ml. 
* High Stability. During 24 hours the baseline will 
remain constant within 0.5 mv. * Wave Length from 
240 to 280 millimicrons © Linear or Lozarithmic Re- 
corders available. 


For direct insertion 
of liquid samples 
without paper or 
starch granules. 


@ Samples can be re- 
solved into more 
zones than with paper 
electrophoresis with- 
out overlapping of 
components. 

@10 samples, 0.040 
to 0.045 mi can be 
processed simultane- 
ously, or 1.6 mi in a 
single slot. 

® Special lucite stand 


‘Send for Bulletin J-3-5000 
for complete information 


| 


BASIC AND ESSENTIAL EQUIPMENT 
FOR COLUMN CHROMATOGRAPHY 


FRACTION COLLECTORS 


Send for Bulletin J-2-6000 


for complete information 


STARCH GEL VERTICAL 
Electrophoresis Apparatus 


* 


Send for Bulletin J-3-4000 


for complete information 


to fit in refrigerator. Send for Bulletin J-3-1070 
for complete i: 


LABORATORY APPARATUS 


Other Buchler Laboratory Aids 


POMIX CHILE 
pORATORS ROTARY EVA 6U 
CHLORIDOMETERS LUSTRUMENTS 


PRECISION INSTRUMENTS 


BUCHLER INSTRUMENTS, INC.| 


514 West 147th Street, New York 31, N. Y. 
ADirondack 4-2626 
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A NEW PRODUCT= A NEW LOOK 
Aerograph Hy-Fi and Hydrogen Generator 


HYDROGEN 

GENERATOR 
MODEL 650 
(Pat. Pend.) 


the really COMPLETE ionization detector 


The Aerograph Hy-Fl is a high temperature programming Gas Chromatograph with Hydrogen Flame 
lonization detector. With the new Aerograph hydrogen generator, the hydrogen tank, reducing valve, 
compressed air, filters and complex piping are completely eliminated. Only nitrogen for carrier gas 
is required to operate this complete high temperature ultra sensitive gas chromatograph—The Hy-Fl. 


HY-FI FEATURES 
e High temperature oven 400°C with fan for e Tremendous sensitivity with accurate 
air circulation. attenuation over a wide dynamic range. 


e Great sensitivity and high temperature e Insensitivity to water makes the Hy-Fl 
operation permits analysis of large complex especially useful for biological analysis, as 
molecules as steroids, antioxidants, waxes, spirits, beer, ferments, vanilla, etc. 
sesquiterpenes, etc. Price complete $895.00 


HYDROGEN GENERATOR FEATURES 


e Adjustable flow rate accurately measured by e Eliminates hazards and problems of tank 
meter. hydrogen. 


Baseline stability is equal in all respects to e Continuous operation is recommended — 
tank hydrogen. simply add distilled water twice each month. 


Price complete $225.00 


PLEASE SEND YOUR SAMPLES FOR FREE ANALYSIS. ALL ORDERS FOR THE HY-FI AND THE HYDROGEN GENERATOR 
WILL BE PROMPTLY PROCESSED. 


WILKENS INSTRUMENT & RESEARCH INC. 


r. P.O. Box 313, Walnut Creek, Calif. Phone ATlantic 4-7166 
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half-filled with a “hard gel’’ of compound 
which is allowed to polymerize chemically 
for 20 minutes. Then, a shallow layer of 
“soft gel’? compound is placed on top of 
the hard gel, and is photopolymerized 
(by exposure to a fluorescent lamp) for 15 
minutes. Finally, a third gel mixture, 
which contains the specimen, is placed into 
the tube as a top layer and photopoly- 
merized for a few minutes. The stopper 
is removed from the tube, and contact is 
made to the gel by means of lower and 
upper buffer and electrode chambers. 
After electrophoresis, the cylinder of gel 
can be removed from the glass tube and 
treated with a dye and/or fixative. 
Special constant current power supplies 
are available (e.g., Model 300, 2.5 ma and 
12.5 ma currents at up to 300 v, $470), as 
well as a microdensitometer designed to 
accept the gel columns (Model E, $1560; 
Integrating Recorder for Model E, $900). 


Continuous Flow 
Electrochromatographs 


In the chromatographic and electro- 
phoretic techniques discussed to this 
point, all the forces operating to produce 
the differential migration have acted 
along a common axis, as illustrated in 
Figure 38. However, the use of an elec- 
tric potential as a source of motive power 
permits an extra degree of freedom in the 
relative disposition of these force vectors, 
for the lines of electric force can be easily 
oriented in any desired direction by suit- 
able placement of the electrodes. If the 
electric force is directed at right angles to 
the axis of fluid flow due to capillarity and 
gravity, as shown in Figure 38F, the 
resultant motion of the migrating species 
will be at some angle between 0 and 90°, 
the exact angle being determined by the 
relative magnitudes of the mobilities of 
the species under the influence of the 
different forces. 

This result lends itself admirably to the 
design of preparative-scale chromato- 
graphs. Figure 39 shows a schematic dia- 
gram of the principle of a paper curtain 
continuous flow  electrochromatograph. 
The paper sheet is mounted as for de- 
scending chromatography, and the back- 
ground electrolyte or buffer solution flows 
down the sheet, causing any sample 
components on the paper to migrate 
downward. At the same time, an electric 
field is applied horizontally across the 
paper sheet by means of end tabs which 
dip into electrode compartments. Conse- 
quently, the sample components migrating 
downward under the influence of the 
descending liquid medium are caused to 
acquire a component of drift in the direc- 
tion of one of the electrodes. At the 
bottom of the sheet a series of serrated 
edges, or drip tips, directs the fluid into a 
row of receiving tubes. Thus, sample 
components of different chromatographic 
and electrophoretic properties will be 
washed off the paper at different places 
and will be collected in different tubes. 

With this arrangement, a sample solu- 
tion may be added at a uniform rate at a 


(Continued on page A720) 
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Fere’s the help 
you need for 
precise 
chromatography 


Hamilton offers you a complete laboratory assortment of 
quality built chromatograph accessories. Each unit is 
designed to complement your existing chromatograph 
equipment. 


Hamilton Fraction Collector, 
permits collection of samples as 
close as five seconds apart... rapid, 
easy to use one stroke operation... 
inexpensive ...easy to clean... stain- 
less steel construction...uses proven 
“Freeze-Out” method, providing up 
to 98% -plus recovery. 


Hamilton Admission Probe, 
both a holder and control for admit- 
ting samples from U tube into a 
mass spectrograph .. . assembly may 
be evacuated by plugging the enter- 
ant needle with the U tube stopper 
... sample can be admitted to mass 
spectrograph by advancing needle 
through stopper ...all gas contact 
parts are 300 series stainless steel 
constructed—all other parts are 
chrome plated brass. 


Free literature on 
Hamilton Chroma- 
tograph Accessories, 
just fill out the 

© coupon, attach to 
your letterhead 
and mail. 


HAMILTON COMPANY, inc. J 


PRECISION MEASURING EQUIPMENT 
FOR CLINICAL AND CHEMICAL RESEARCH 


Hamilton Vacuum Probe, used to remove 
majority of carrier gas from U tube... useful 
in evacuation of container with rubber 
closure ...2'2 inches in length... one-piece 
stainless-steel construction ... precision luer 
mates with American Standard hypodermic 
needles. 


Hamilton Microliter Syringes, offer accurate liquid dis- 
charge from 500 ul to | ul... volumes easily read from 
Microliter scale ...made of precision bore NC glass and 
individually fitted stainless steel plungers... leak tight with 
water pressured at 150 psi...long tuberculin shape with 
American Standard luer tapers... special needles available 
for all types of applications. 


Hamilton Gas-Tight Syringes, ideal for gas chromatog- 
raphy, pipetting gas, for pipetting corrosive liquids, and 
liquids that ordinarily cement syringe plungers to barrel... 
stainless steel plungers, coated with corrosion resistant 
Tefion* Resin...leakproof to three atmospheres... plungers 
interchangeable with syringe barrels. *Tetrafluoroethylene 
Polymer (Du Pont). 


— 


Hamilton Special Purpose Needles, provide a wide 
range of hypodermic needles for laboratory and clinical use 
... available in any length to 8 feet with any style point... 
electrical conducting needles are available in single conduc- 
tor (monopolar) or dual conductor (bipolar) types... gold 
or rhodium plated brass hubs may be fitted with 22 ga or 28 
ga platinum-ruthenium needles for special applications. 


Order direct ... also available through your supply house. 


Hamilton Company, Inc. | 
P. O. Box 307-S + Whittier, California ‘ 
Send me a copy of your equipment brochure. } 


Attach to company letterhead and mail 
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given point near the top of the sheet, 
through a wick or other means, and the 
fractionated components may be collected 
continuously at the bottom. A run may 
be continued for many days, and as much 
as several grams of sample may be frac- 


tionated before the paper sheet de- 
teriorates enough to require replacement. 

In order to maintain a constant separa- 
tion pattern on the paper, so-that the 
advantages of the continuous flow electro- 
chromatographic technique can be fully 
realized, attention must be paid to the 
following design considerations. (1) The 
rate of flow of electrolyte down the paper 


CAPILLARITY CAPILLARITY CAP. CENTRIFUGAL 
= FORCE 
(A), (C) 

GRAVITY GRAVITY 

w 
ELECTRIC OSMOTIC 
POTENTIAL FLOW 


EVAPORATIVE 
FLOW 


OSMOTIC. 
FLOW 


RESULTANT 


©) 


Figure 38. Vector diagrams showing the directions of the forces involved in the various chromatographic 
and electrophoretic techniques. A. Ascending chromatography. B. Descending chromatography. 


C. Centrifugally-accelerated chromatography. 
trophoresis. F. Continuous flow electrophoresis. 


D. Flat-bed electrophoresis. E. Ridge-pole elec- 


c 
Figure 39. Illustrating the principle of hanging 
paper curtain continuous flow electrophoresis. 
A. Paper sheet. B. Solvent trough. C. 
Sample. D. Wick. E, F. Tabs dipping into 
electrode compartments. G,H. Electrode com- 
partments. 


must be held constant. This requires 
that the level of the liquid in the upper 
feed reservoir, i.e., the hydrostatic head, 
be kept constant. (2) The conductivity 
of the electrolyte must remain constant, so 
that the potential field and current flow 
across the paper will not vary. If pro- 
longed runs are to be made, means should 
be provided for preventing the electrolysis 
products formed around the electrodes 
from reaching the paper or the electrolyte 
reservoir. (3) The potential and current 
should be supplied by a regulated power 
supply, and the output of this device 
should be free of appreciable ac ripple, 


(Continued on page A722) 


CHROMATOGRAPHY 


APPARATUS 


Describing Special 
Apparatus for 
Paper 
Chromatography 


1717 FIFTH STREET - 
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electric desalter 


Write for for the removal of 
inorganic salts fro 

Catalog K-50 sugars, amino acid 
and other organic 4 


in preparing samples 
for paper chromatag 


KENSINGTON SCIENTIFIC CORPORATION 
BERKELEY 10, CALIFORNIA 


descending chro 


insulated, double 
cabinets for ascenj 
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paper strips or Sheets | | | 


CONSTANT 
TEMPERATURE 
CIRCULATOR | 


The ideal circulating thermostat for to- 
day’s crowded laboratories is the Haake 
Model “F”. Due to its light weight and com- 
pact design it can easily be moved around 
and occupies a minimum of space. It is 
ideal for any type of instrumentation or for 
ambulatory use with clinical appliances 
which require temperature control. Some 
typical applications include such liquid 
jacketed instruments as _ spectrophoto- 
meters, refractometers, viscometers and 
blood pH equipment. With or without suction 
pump. 


BRINKMANN 


BRINKMANN INSTRUMENTS, INC. 
115 CUTTER MILL ROAD, GREAT NECK, N.Y. 


PHILADELPHIA - CLEVELAND - HOUSTON - MIAMI - MENLO PARK, CAL. - ST. LOUIS 


lowcost 


HIGH VOLTAGE PAPER 
ELECTROPHORESIS 
TANKS & POWER 
SUPPLIES 


Model ET24 High Voltage 
Paper Electrophoresis Tank 
for “fingerprinting” pep- 
tides; also useful for sepa- 
rating amino acids, nucleo- 
tides, carbohydrates and 
other charged particles. 
Accepts standard size What- 
man filter paper measuring 
18 % x 22 VY inches. 


Model ET48 Electrophoresis Tank is a 
larger tank for separating out all of the 
amino acids and will accept up to a 48” 
length sheet (20” wide). Basic tank can 
be easily adapted for various rack con- 
figurations, 


Superior features of Models ET24 and ET48 

®@ Transparent lucite allows the researcher to see what is going 
on inside the tank. 
@ The tanks can be placed on bench tops and inside hoods. 
@ Other types of racks easily adaptable to basic tanks. 

®@ Safety interlock switches on all tanks. 

®@ Drain plugs at side of tank. 


The Model EHV5000 
Power Supply will deliver 
up to 5000 volts at 300 
milliamps. 


Model EHV2000 "“Elec- 
trophoresis” High Volt- 
age Power Supply will 
deliver up to 200 volts 
at 150 milliamps. 


Superior features 
of Models EHV 2000 
and EHV 5000 


® Solid state circuitry 
throughout. 


®@ Instant starting. 

@ No warmup. 

@ No vacuum tubes. Model EHV2000 

@ Overload circuit with automatic cutout for maximum safety 
to personnel. 


Complete literature upon request 


SERVONUCLEAR CORP. 


28-21 ASTORIA BLVD., LONG ISLAND CITY 2, N. Y. 
YELLOWSTONE 2-3353 


Volume 38, Number 10, October 1961 / A721 


FACTORIES 
+150°C +150°C +150°C +150°C +150°C +150°C 
4 
: —60°C —60 60°C ’ 4 —60°C 
| M ODEL | 
| — 
> 


CUA i 


PURE FUSED QUARTZ 


LABORATORY WARE 
OF HIGHEST PURITY 


e For excellent thermal shock resistance, and 
inertness 

e For guarding the real purity of your com- 
pounds in crucibles, retorts, muffles, dishes, 
tanks, pots, trays 

e@ For outstanding electrical properties, 
strength, impermeability in ball & socket 
joints, standard taper joints, graded seals 

e@ Quartz to metal seals 


A wide variety of laboratory ware is available in 
all types and sizes. Also, we fabricate to your 
specifications. See our ad in Chemical Engineer- 
ing, Electronic Engineers Master and Electronic 
Designers’ Catalogues. 


Write for complete, illustrated catalog. 


THERMAL AMERICAN 
‘FUSED QUARTZ CO., INC. 


Chemical Instrumentation 


which produces undesirable heating effects. 
(4) The sample should have the same pH 
and conductivity as the background elec- 
trolyte, and should be fed onto the paper 
sheet at a constant and uniform rate. 
Several continuous flow electrochromato- 
graphs are at present commercially avail- 
able, and these vary in elaborateness, price, 
and mechanical complexity in proportion 
to the manner in which the above design 
factors are taken into account. 

Shandon Scientific Company Ltd., 
London S.W. 7, England, manufactures a 
continuous flow apparatus of the type 
described above (No. 2520 Continuous 
Electrophoresis Apparatus, about $250; 
U.S. distributor, Consolidated Labora- 
tories, Inc., Chicago Heights, Illinois). 
The electric field may be applied to the 
paper sheet by means of the wick arrange- 
ment shown in Figure 39, or by means of a 
pair of side electrodes that clamp onto the 
vertical edges of the sheet, as illustrated 
in Figure 40. The latter produces a more 
uniform electric field across the paper 
sheet. The electrodes consist of platinum 
wires mounted in cellophane tubes which 
are held against the paper sheet by plastic 
clamps. The buffer solution flows con- 
tinuously through the cellophane tubes, so 


Figure 40. Side electrode contactors, as em- 
ployed in the Shandon continuous flow electro- 
phoresis apparatus. 


that electrolytic contact is made with the 
paper, and electrolysis products formed 
around the electrodes are washed away. 
The apparatus can accommodate paper 
sheets 18 X 22 inches or smaller, down to 
10 X 13 inches. A shelf at the rear top of 
the apparatus holds a 2-liter buffer stock 
bottle, from which a constant hydrostatic 
head feed delivers the solution to the 
paper trough. The excess buffer from the 
lower compartments is collected in over- 
flow bottles at the base, and may be 
discarded or returned by the operator to 
the buffer storage bottle. 

The design of the continuous flow paper 
electrophoresis apparatus made by Spinco 
Division of Beckman Instruments, Inc., 
Belmont, California, is shown in Figure 41 
(Model CP, $1550, without power supply). 
The electrolyte feed level in the upper 
trough is maintained constant by means of 
a pump which either continually adds fresh 
solution to this trough, or recirculates the 
overflow from the electrode compartments, 


(Continued on page A724) 


PLASTIC TUBING 


There’s no guessing about 
what’s going on inside Nal- 
gon tubing. You can see it! 
Because Nalgon is a special 
formulation of highest grade 
polyvinyl chloride and spe- 
cial plasticizers, without ex- 
tenders or fillers. Its water- 
clear transparency lets you 
check flow, color, turbidity, 
density, at a glance. 


But that’s not all. Other 
Nalgon features — signifi- 
cant to industry, labora- 
tories, hospitals — include: 
acid resistance, strength, 
flexibility, non-toxicity, low 
cost*, complete line of 40 
sizes. Try it yourself. 

Write Dept. No. 1810N for 
data and sample. 

*\4” I.D. costs less than 15c per foot. 


: 
THE NALGE CoO., INC. 
ROCHESTER 2, NEW YORK 


The Quality Standard 
of Plastic Laboratory Ware 
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q T T 
Observed Resolution 
|__| Slit Radius 24.0 In. 


RCA 7200 Detector Nz Purge 


Beckman 94055 Lamp 
\ 1% N/S 0.2 Sec. Time Constant 


Full Slit Height 


180 200 220 240 260 280 300 320 340 360 


Wavelength in Mu 


PRECISION PERFORMANCE... with outstanding wave- 
length and photometric repeatability, resolution of 
14 at 180 mz (Far UV DK-A) or better than 1A 
at 220 mz (Standard DK-A), and stray light less 
than 0.8% at 170 my (Far UV DK-A) or less than 
0.1% at 220 my» (Standard DK-A). 


Beckman 


widest continuous range... 
from far-UV through near-IR 


The new series of Beckman DK-A Ratio Recording 
Spectrophotometers answers all your spectro needs in 
the widest continuous wavelength range available. The 
Far UV DK-A offers a range of 170-3500 mu. The 
standard model covers the 185-3500 my span. Both are 
available in the DK-1A (strip-chart recording) and 
DK-2A (flat-bed recording) versions. And to meet your 
diverse application requirements, Beckman has the most 
complete line of cells and other spectrophotometer 
accessories. 

For complete details, call your Beckman laboratory 
apparatus dealer or write direct for Data File 36-1C-03. 


GREATEST VERSATILITY ... with widest continuous wave- 
length range, multiple wavelength scale expansions, 
7 separate scanning times, and instant selection of 
11 different chart ordinate presentations for linear 
transmittance, linear absorbance, differential,expanded 
scale, and direct energy recording. 

EASIEST TO OPERATE... with entire recorded spectrum 
visible at all times, rapid source and detector switching, 
and convenient sample compartment. Operation easily 
and quickly learned. 


INSTRUMENTS, INC, 


SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION 
Fullerton, California 


i 


CLA 
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solution metering pump... 
with high repeatability, 
pre-calibrated accuracy, 
corrosion resistance 
in four ml/min. ranges 


_ Nowadd liquids with precision! The new 


Beckman pump assures repeatability 
to better than +0.5% of rated capacity. 
A simple dial setting controls flow 
accurate to +2% of pump’s full range. 
Unit disassembles in two minutes for 
cleaning or sterilization. Highly inert 
internal components prevent contami- 
nation of pumped fluids and permit 
handling of highly corrosive materials. 
Mechanically actuated valves assure 
leak-free performance at low pressures. 
The Solution Metering Pump, avail- 
able in 0-2, 0-5, 0-10, and 0-20 ML/MIN. 
ranges, is ideally suited for reaction 
rate studies, drug infusion in animals, 
pilot plant work, reagent addition, and 
many other laboratory and process 
plant applications. For additional infor- 
mation, contact your Beckman labora- 
tory apparatus dealer or write for Data 
File 36-10-09 


Beckma n INSTRUMENTS, INC. 


SCIENTIFIC AND PROCESS 
INSTRUMENTS DIVISION 


Fullerton, California 
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if desired. Electrical contact is made 
along the vertical edges of the paper cur- 
tain by means of two stacks of filter paper 
wicks which are kept saturated with the 
electrolyte through a controlled overflow 
from the paper trough. The sample is 


ELECTROLYTE 
RESERVOIR 


CAPILLARIES FOR 
WICK-ELECTROLYTE 
ROL 


ELECTROLYTE 
-WETERED 
OVERFLOW, /| ELectRove 
Backwash 
| ,eLectrove 
PUMP TO MIXING AND BAFFLES 


RECIRCULATION, 


ELECTROLYTE = OR TO WASTE 


Figure 41. Design of the Spinco Model CP con- 
tinuous flow apparatus. 


added to a wick near the top of the paper 
sheet by gravity flow from a sample reser- 
voir. The height of this reservoir is de- 


creased during a run by means of a motor — 


control at such a rate as to maintain a 
constant feed-rate onto the paper. Con- 


stant current power supplies are available | 


for use with this apparatus (e.g., Model 
Constat, 10-100 ma at 1000 v, current 
regulation +2%, $360). 

Microchemical Specialties Co., Berkeley 
10, California, manufactures several mod- 
els of this type of instrument which they 
call ‘“Spectrolators.’’ One is a_ large, 
preparative-scale apparatus, capable of 
handling up to one liter of sample per day 
(Misco Spectrolator, about $7500). It 
contains a 1-hp refrigeration unit for cool- 
ing an air stream to about 1°C; this cold 
air is then directed across both sides of the 
paper curtain to remove the heat generated 
by the applied voltage. When a run is 
complete, the refrigeration cycle can be 
reversed to make a stream of hot air 
available for rapid drying of the curtain 
while in the apparatus. A 5000-v de 
power supply is provided, and with its use 
voltage gradients as high as 110 v/em can 
be obtained. Sample is fed onto the 
curtain by means of a positive displace- 
ment feed device that has a variable volu- 
metric adjustment and refills automati- 
cally. Buffer fluid is maintained at a 
constant hydrostatic head and is added or 
circulated by a motor-driven pump. 

This manufacturer also produces the 
smallest version of a continuous flow 
electrochromatograph (Kirk-Misco Vari- 
able Angle Plate Spectrolator, about $200). 
This unit, shown in Figure 42, weighs only 
3.75 lb complete with power supply. The 
paper sheet rests on a Plexiglas table 
support which can be adjusted to be 
horizontal, or to make angles of 9, 16, or 
27° with the horizontal. This permits 
the operator to seek the optimum rate of 

(Continued on page A726) 


THIS TUBING 
CAN SAVE YOU 


MONEY 


This special CorNiING® flint glass 
tubing and rod give you ease of 
forming, strength, and topflight trans- 
parency. They are up to 50% 
lower than PyrEx® tubing and rod. 
They are available immediately. 

We developed CorNING brand 
0088 flint glass just for the making 
of low-temperature-service tubing 
and rod. In uses near room tempera- 
ture, it resists chemicals almost as 
well as Pyrex brand glasses. 

A statistical profile: coefficient of 
expansion, 92 x 10-*; softening point, 
700°C.; annealing point, 521°C.; 
strain point, 480°C. 

We put this glass into apparatus 
tubing with outer diameters which 
range from 3 to 51 mm, in capillary 
and barometer tubing with inner di- 
ameters from 0.5 to 4 mm, and in 
rod with diameters from 3 to 12 mm. 
All are furnished in 48- inch lengths. 

You can get any type in any quan- 
tity, quickly. For information on our 
entire tubing and rod line, write for 
Bulletin TBG-88. 
wr CORNING GLASS WORKS 
q 4 7610 Crystal St., Corning, N. Y. 

CORNING MEANS RESEARCH IN GLASS 
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Beckman presents the new, low-cost 
IR-5A in two models for complete cov- 
erage of the 2 to 35 micron range. For 
determinations in the 2 to 16 micron 
range, choose the IR-5A with NaCl 
optics —an even more rugged, reliable, 
and versatile version of the IR-5, long- 
time laboratory workhorse for quali- 
tative and quantitative analyses. For in- 
formation in the 11 to 35 micron region 
—never before possible with a low-cost 
instrument—choose the new CsBr IR-5A. 


Call your nearest Beckman Field Sales 
Office for a demonstration, or write for 
Data File 36-10-02. 


complete wavelength coverage 


NaCl IR-5A 2-16 microns CsBr IR-5A 11-35 microns 


| 
| 
| 
| 
| 


two advanced versions (Nec! andCsBr) 
of the famous 
IR-5 spectrophotometer! 


DUALSPEED * The IR-5A provides 15-minute scanning for exceptional 
resolution and precise information, plus 3-minute scan for 5 times 
as many scans when making routine surveys. 


SINGLE- AND DOUBLE-BEAM OPERATION « Simply flip a switch to go 
from normal double-beam operation to single-beam for reaction rate 
studies or energy recording. 


SAMPLING VERSATILITY + IR-5A accommodates all Beckman infrared 
sample handling accessories for micro liquid, gas, or solid sampling. 
And the IR-5A is the only low-cost instrument capable of handling 
a 10-meter multi-path gas cell for the extreme sensitivity needed to 
detect trace components. : 


INTEGRAL PLUG FOR EXTERNAL RECORDER + An external recorder can 
easily be plugged into the IR-5A for simultaneous spectra recording. 


Beckman 


INSTRUMENTS, INC. 


SCIENTIFIC AND PROCESS 
INSTRUMENTS DIVISION 


Fullerton, California 
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flow of the background electrolyte down 
the paper. The power supply output is 
0-350 v, 0-15 ma. The apparatus can 
be used either for chromatography or 
electrophoresis with microgram or micro- 
liter size specimens, or it can be used in 
continuous flow to process milligrams of 
sample in 24-hour or longer periods. 
The collecting tubes hold a total of less 
than 8 ml. The feeder reservoirs have no 
provision for the maintenance of a con- 
stant level, since the fall in level during 


Figure 42. The Kirk-Misco Variable Angle Plate 
Spectrolator, llest of the c cial instru- 
ments for continuous flow electrophoresis. 


the filling of the collection tubes is not 
large. 
An apparatus for large-scale continuous 


head bottle 


cooling 
water 
flow 


bottles 


collecting 


hot plate 


Figure 43. Schematic representation of the buffer feed system employed in the JKM-Stubbings con- 
tinuous Electrophoresis Apparatus. The main buffer reservoir is on the hot plate where dissolved air is 
removed; buffer is pumped through the filter and to the head bottle, thence through the cooling con- 


denser and into the electrophoresis cell. 


flow electrophoresis in which a bed of 
glass microbeads provides the stabilization 
of the fluid phase is manufactured by the 
JKM Instrument Co., Durham, Pennsyl- 
vania (JKM-Stubbings Continuous Elec- 
trophoresis Apparatus, complete with 
power supply, $3180). electro- 
phoresis cell consists of a pair of 0.5-inch 
Lucite plates cemented and clamped in 
position with a 0.5-inch spacing between 
them. This space is filled with a uniform 
packing of Pyrex microbeads. For buffer 
flow rates of 1 to 3 liters per hour, the 
glass beads are between 100 and 140 mesh 
(105 to 149 microns diameter); for 0.5 to 


1 liter/hour, 74-105 micron beads are 
employed; and for 0.25-0.5 liter/hour, 
the bed is made up of 63-88 micron diam- 
eter beads. 

The arrangement employed for circula- 
tion of the buffer solution is shown schema- 
tically in Figure 43. A 4-liter reservoir is 
maintained at the base of the instrument. 
This solution is kept at 50-55°C by an 
adjustable, thermostated hot plate. This 
expels any dissolved air, which would 
otherwise form bubbles in the bed of beads 
and lead to uneven flow. An automatic 
pump draws buffer from the reservoir 


(Continued on page A730) 


Presenting the Worlds First and Finest 


AUTOMATIC RECORDING 
SPECTROPOLARIMETER 


FOR ROTATORY DISPERSION AND OPTICAL ROTATION KINETICS 


e NOW AVAILABLE IN EIGHT FORMS 


AS FOLLOWS 


RECORDER 
RANGES 
angular degrees 
+2°, 20° & 200° 


+1°, 10° & 100° 


e BASIC SENSITIVITY: 0.001° arc 


CHART 
— 


e ZERO OPTICAL ROTATION POSITION 
is adjustable along vertical recorder axis 


e NINE SCANNING SPEEDS 


AND TIME-BASE 


VES are easily interchangeable 


RUDOLPH INSTRUMENTS ENGINEERING CO., INC. 


P. O. Box 265 
OFFICE: 
61 Stevens Ave. at Walnut St. 


LITTLE FALLS 


NEW JERSEY 


Model #260/655/850/810 — 614 


U. S. A. 
TELEPHONE: 
CLifford 6-1491 
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sample 
port 
Re! = 
4 
200-450 +1°, 10° & 100° 500 500 
200-700 +2°, 20° & 200° 500 1000 
200-700 +1°,10°& 100° 500 500 
x 


all these 
Torsion 
Dial 
Balances... 


That's why 


Torsion Balances 

(with or without weight 
loaders) retain their original 
accuracy after more 


than a million operations. 


Supplementing these dial balances, 
Torsion also manufactures a line 
of ‘‘no-knife-edge” balances 


with capacities up to 30 kilograms. 
Write for Catalog DL 
for complete information. 


Tite VORSION BALANCE 


Main Office and Factory: Clifton, New Jersey 
Sales Offices: Chicago, lil., San Mateo, Cai. 


TORSION MODEL DWL-3 
Capacity: 200 grams 
Weight-loading Dial: 
up to 9 grams by 

1 gram increments 
Fine Weighing Dial: 

1 gram by 

.02 gram graduations 


(Readability: .005 g) 


TORSION DWL-5 
Capacity: 500 grams 
Weight-loading Dial: 
up to 90 grams by 
10 gram increments 
Fine Weighing Dial: 
10 grams by 

.1 gram graduations 
(Readability: .02 g) 


TORSION DWL-2 
Capacity: 120 grams 
Weight-loading Dial: 
up to 9 grams by 

1 gram increments 
Fine Weighing Dial: 

1 gram by 

.01 gram graduations 
(Readability: .002 g) 


Specifications are same 
as the DWL-2 except that 
this model has scoop for 
seeds or other bulky 
material 


TORSION DLT5 

Capacity: 500 grams 
Dial graduated 10 grams 
by .1 gram graduations 
Readability of Dial: 

.02 grams 


TORSION DLT2 

Capacity: 120 grams 
Dial graduated 1 gram 
by .01 gram 
graduations 

Readability of Dial: 2 mg 


TORSION DLT2-1 

Same specifications as 
DLT2 but has scoop for 
seeds or other bulky 
material 


Capacity: 120 grams 
Dial graduated 15 grains 
by ¥% grain graduations 
and 1 gram by .01 gram 
graduations 

Readability of Dial: 

Y% dial division 
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LABORATORY TABLE TOPS 
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Built to withstand 
chemical and physical abuse... 
J-M Colorlith table tops 


Give your laboratory table tops accident-safe pro- 
tection with Johns-Manville Colorlith®. Its inor- 
ganic, asbestos-cement structure resists severe 
impact, cutting, thermal shock and acidic attack. 
And, Colorlith maintains its strength over the years. 

With Colorlith, you don’t have to sacrifice ap- 
pearance for performance. Available in three col- 
ors—Charcoal Gray, Cameo Brown and Surf Green 
—it will add permanent beauty to school and univer- 
sity laboratories. Manufactured in several thick- 
nesses, Colorlith can also provide smooth, durable 


surfaces for fume hoods, shelving and peg boards. 

Colorlith is readily available from all leading 
laboratory furniture manufacturers as standard 
equipment on new furniture or as a replacement 
for old and worn-out tops. For full details, write to 
J. B. Jobe, Vice President, Johns-Manville, Box 14, 
New York 16, N. Y. In Canada: Port Credit, On- 
tario. Cable address: Johnmanvil. 


JOHNS-MANVILLE 
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through a Biichner funnel containing glass 
beads a size finer than those in the elec- 
trophoresis cell; these remove any sedi- 
ment or dust in the solution and keep the 
cell bed clean. The filtered buffer is 
pumped into a polyethylene ‘“head’’ 
bottle mounted on a sliding carriage on 
one of the columns that support the elec- 
trophoresis cell. An overflow tube in the 
bottle determines the height of the liquid 
column and hence the pressure in the sys- 
tem. By moving the bottle up or down, 
the operator can control the rate of buffer 
flow. 


condenser. 


The buffer is cooled before it enters the 
top of the cell by passage through a small 
It then enters the top of the 


electrophoresis chamber through a forked 
tube—one side carrying the full flow, the 
other comprising a capillary which main- 
tains a trickle of buffer to keep the bed of 
beads moist when the apparatus is not in 
use. 

The sample is injected into the top of 
the electrophoresis cell by means of a 
motor-driven syringe unit. As much as 
several tenths of a gram of sample can be 
introduced per hour; the volumetric feed 
rate is 10-30 ml/hour. The power supply 
provides a maximum of 1000 v, which 
corresponds to a potential gradient across 
the cell of 33 v/cm. 


Continuous Flow Chromatograph 


In the continuous flow electrochroma- 
tographs just described, the feature of 
continuous operation has been made 


Their old waste disposal 
system just didn’t stand up, so 


Virginia Engraving 
installed 


Vuleathené 


drainlines 


The corrosive wastes from 8 large 
etching machines were tough to 
handle—until Virginia Engraving 
installed trouble-free, maintenance- 
free Vulcathene piping. 


Problem solved. Because their Vul- 
cathene drainage system of virgin 
polyethylene proved to be acid and 
alkali-proof, non-corrosive, shatter- 
proof, and didn’t clog or scale—it 
was perfect for the job. What’s more, 
Virginia Engraving found Vulca- 
thene lightweight and economical — 
installation cost less than half of 
other systems because of the pat- 
ented Polyfusion® method. 


Virginia Engraving is so pleased 
with Vulcathene—they’ve specified 
it for installation in their new Roa- 
noke, Va. plant. It might pay you to 
think about Vulcathene if you have 
a drainage problem. We’ve got a 
new catalog to tell you all about this 
completesystem—sinks, traps, fittings, 
pipe, in sizes from 14” to 6”. Also a 
list of hundreds of users. 
Just write Dept. 3410. 


Waste and vent systems for 8 large 
photoengraving etching machines are 
piped with Vulcathene in this Virginia 
Engraving Co. plant in Richmond, Va. 
Contractor was B. & G. Olsen, Rich- 
mond, Va. 


possible by employing the electrical force 
at right angles to the forces of gravity and 
capillarity. It should be evident that 
this transverse force need not be electrical 
in nature; any means of creating two 
velocity vectors at an angle to each other 
(see Figure 38F) should be similarly 
applicable. Indeed, a continuous flow 
chromatograph has recently been de- 
scribed, and is commercially available, in 


QO 
\@ 
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a 


Figure 44. If a specimen consisting of two com- 
ponents is placed on the paper at equidistant 
points in a definite time sequence, while chro- 
matographic development is continually occur- 
ring, the individual components will follow dif- 
ferent paths along the paper. 


which the transverse vector is a mechani- 
cal motion imparted to the specimen by 
means of a turntable mechanism. The 


Figure 45. If the ends of the paper sheet of 
Figure 44 are joined to form a cylinder, and the 
cylinder is rotated, it is possible to choose the 
rate of rotation so that a given component. will 
always drip off the sheet above a certain re- 
ceiver. This is the principle of the design of the 
Collectochrom. 


(Continued on page A732) 
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NEW ATOM MODELS 


... add these to your basic kit and 
you can represent 35 elements in 
65 valence states. 


WILL NO. 20142N $900 


4 ea. of fluorine, bromine, iodine 


WILL NO. 20143N 
4 ea. of thiony! sulfur, tetrahedral 
sulfur, nitrile nitrogen ........ $g00 


WILL NO. 20144N 
4 each of pentavalent phosphorous 
cap, tetrahedral silicon, trigonal $] 200 


boron 
WILL NO. 20145N 


4 each of metal atoms Nos. 1, 2, 
3 and 4 and trigonal oxygen .. . | 500 
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Pictured is a hypothetical complex ion with a negative charge of two, 
assembled from the latest Godfrey Models, which could be called 
“Tron (III) aquo bromo cyano fluoro thionophosphate.” 


You can construct any organic form 
that can eXiSf. .. many inorganic forms, too 


GODFREY MOLECULAR MODELS 
‘ Best representation of Van der Waals’ 


and covalent radii. Realistically shows 
true molecular mobility, even demon- 
strates vibratory modes responsible for 
infrared spectra of molecules. No tools 
required. Simple quick hand connec- 
tions only. Made of colorful polyvinyl 
chloride, flexible and compressible as 
actual atoms. 


Will No. 20140N—Basic Kit with 100 atoms only $4950 


(assortment of H, C, N, O, Cl and S atoms in 11 valence states) 
Includes 12-page manual 


You can show hydrogen bonding (water tetramer 
on left) or strained ring systems (camphor on 
the right). 


CORPORATION 
and subsidiaries 


e Rochester 3, N. Y. 

e New York 52, N. Y. 

e Buffalo 5, N. Y. 

e Atlanta 25, Ga. 

e Baltimore 24, Md. 

e So. Charleston 3, W. Va. 
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principle of this approach may be made 
clear by reference to Figure 44. 

Suppose that equal amounts of a speci- 
men, containing only two components, are 
positioned at seven equally spaced loca- 
tions along the top of a filter paper sheet 
in successive time sequence, i.e., first, spot 
1 is added, then after a certain interval of 
time, spot 2, then spot 3, etc. A con- 
tinuous flow of background electrolyte 
(buffer) takes place during the application 
of these sample spots. Then, by the time 
spot 7 is being applied, the components of 
sample / have been chromatographed a 
considerable distance down the sheet, 
sample 2 has moved down somewhat less, 
sample 8 still less, etc., as shown in Figure 
44. It will be noted that at the instant of 
time shown in the diagram, the slower 
moving component is ready to drip off the 
drip tip below position 1, and the faster 
moving component is ready to drip off 
below position 3. Some time later, a slow 
component will drip off below position 2 
while a fast component is dripping off 
below 4. As time advances, this separa- 
tion in distance between the points at 
which these two components drip off re- 
mains constant, although the pair of drip 
tips involved moves toward the left in the 
diagram. If, therefore, the paper sheet is 
rolled into a cylinder, and the cylinder is 
rotated toward the right at the proper 
rate, a set of non-moving receivers can 
be placed below the drip tips and a given 
component migrating down the paper will 
always reach a drip tip just when that tip 
is over a given receiver. This design of 
the experiment is illustrated in Figure 45, 
which shows a sample reservoir feeding 
continuously onto a rotating cylindrical 
sheet. Solvent constantly washes down 
the sheet and moves the components of 
the sample down until they finally drip off 
into the stationary receivers. 

An instrument of this design is manu- 
factured by Pleuger and Co., Belgium 
and is available in the U. S. through, 
LaPine Scientific Co., Chicago 29, Illinois 
(Collectochrom, $975). 


Fraction Collectors 


When an electric potential or a directed 
motion of the specimen is applied trans- 
verse to the direction of flow of the bulk 
liquid phase, the sample components are 
spread out in space, and continuous, 
simultaneous collection of all components 
is practical, as in the devices just de- 
scribed. However, there are many situa- 
tions, as e.g., in column elution chroma- 
tography, where the sample components 
are spread out in ¢ime, and techniques are 
required for collecting the components in 
sequence. 

The simplest types of fraction collectors 
do not attempt to sense the composition 
of the effluent and make decisions as to 
when to switch from one receiver to 
another on the basis of the chromato- 
graphic pattern. Rather, these devices 
simply automate the collection of frac- 
tions of the liquid issuing from the column 
according to a purely arbitrary plan. 
The principal methods of fraction cutting 


(Continued on page A734) 
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THE NEW STUBBINGS 
ELECTROPHORESIS APPARATUS 


Ideally suited for research. Handles up to .5 grams of pure material 
per hour. Buffer feed rate unlimited; normal range 500-3,000 ml. 
per hour. Sample feed rates normal range—10-30 ml. Operates with 
optimum results for both high resolution, low throughput (enzyme 
separation) or low resolution, high throughput (desalting). Collection 
capacity of 7 liters. 


A source of standard A.C. current and supply of cold running water 
is all you need for operation. 
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commercially available are: (1) equal 
times of flow, (2) equal volumes collected, 
and (3) equal numbers of drops counted. 

A time-flow fraction collector consists of 
a timer, a relay, and a tube indexing or 
advancing mechanism. When a given 
time interval has elapsed, the relay is 
activated, and the effluent from the column 
is diverted from the tube it was filling to a 
new tube. An example of this type of 
device is the Calbiochem Fraction Collec- 
tor (No. 85000, $585) available from 
California Corporation for Biochemical 
Research, Los Angeles 63, California, and 
shown in Figure 46. The time interval is 
adjustable from 4 to 240 minutes. The 
column effluent is led through a plastic 
tube and allowed to issue at a point above 
one of the collecting tubes. The plastic 
tube is clamped in a movable head which 
travels along a horizontal track, and re- 
positions the effluent over a new collecting 
tube after each signal received from the 
timer unit. 

In other designs of time-flow fraction 
collectors, the location of the effluent tube 
remains fixed, and a turntable positions a 
new tube under it in response to the im- 
pulse from the time control unit, 

If a time-flow fraction collector is to 
yield equal volumes of effluent during the 
course of a chromatographic elution, the 
rate of flow of liquid from the column must 
be held constant. This requires that the 
hydrostatic head of liquid in the column, 
as well as the tightness of the column 


= 


4 


Figure 46. The time-flow fraction collector of California Corporation for Biochemical Research. 


packing, degree of swelling, viscosity, 
surface tension, etc., be constant through- 
out the run. Since it is often difficult to 
achieve this manner of control, some 


effort has been devoted to the elaboration 
of fraction collectors that are not subject 
to these aberrations. 

(Continued on page A736) 
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its solvent. 
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Direct Measurement 
of Difference in 
Refractive Index 


The New Brice-Phoenix Differential 
Refractometer uses a split cell to 
measure the difference in refractive 


index between a dilute solution and 1. 


Limiting sensitivity 3 x 10—*. 
For complete details write Dept. CE-3 


PHOENIX PRECISION INSTRUMENT COMPANY 
_ Philadelphia 40, Pa. 


AND PARTICLE 


Measures: 


2. Dissymmetry 


3805 N. 5th St. 


MEASURE MOLECULAR WEIGHT 
SIZE 


NEW BRICE-PHOENIX UNIVERSAL 
LIGHT SCATTERING PHOTOMETER 


Absolute Turbidity 


3. Depolarization 


This instrument is listed in U.S. Government specifi- 
cations for the evaluation of certain clinical materials. . 
For complete details write Dept. CE-2 


PHOENIX PRECISION INSTRUMENT COMPANY 
Philadelphia 40, Pa. 
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Analytical Filter Papers 
duuick Rekrence Catabg 


Ash-Free. Extra rapid, Hi 
gelatinous precipitates from sodium hydroxide media. Ke 
Ash-Free. Rapid filtering. Soft loose ‘ 
pots. Standard grade in the laboratories of the metallurgical indwstiee whore of 
content of the paper are essential. * where speed of filtration and 
Ash per | 12% 15 18% 
Biter speed, highly absorbent paper provides increased retention without loss of 
Diameter, cm. 5% ? 
8 " 12% 15 
in milligrams) 4 2 as 
CARL SCHLEICHER & SCHUELL Co. 
Keene, New Hampshire 
| 


FILTER PAPER DATA FOR QUICK REFERENCE 


Valuable up-to-date SS Quick Reference Catalog 
gives filter paper data at a glance. Eight color pages. 
Sections on filter paper: Ash Free (less than 
0.007% ash); Qualitative; Hardened and 
High Wet Strength; Folded; Miscellaneous and Filtration 
Specialties. Description of each paper, uses, 

circle diameters, sheet sizes. INCLUDES HANDY 

SaS FILTRATION CHART showing retention values. 


Send for your S&S Quick Reference Catalog now 


Carl Schleicher & Schuell Co. 
Keene, New Hampshire, Dept. JC-10-1 


(Name) (Position ) 


(Company ) 


(Address ) 


(City) (State) 
(0 Also send S&S Analytical Filter Paper Sampler 
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The principle of operation of a volu- 
metric fraction collector is illustrated by 
the diagram in Figure 47, which shows the 
Buchler Instruments, Inc., volumetric 
siphon (Siphon plus Activator-Relay unit, 
about $100; turntable with index mecha- 
nism and space for 120 test tubes, $295). 
When the amount of liquid that has been 
collected is small, there is an open circuit 
in the trigger unit, as shown in the diagram 
on. the left in Figure 47. When enough 
liquid has been collected to bring the 
level in the outflow arm (extreme right) to 
the top bend, a spontaneous siphoning will 
take place, and the container will empty 
itself. Just before this happens, the hy- 
drostatic pressure of the liquid in the 
siphon has built up enough to cause the 
electrolyte in the trigger unit to rise in 
the index tube enough to make contact 
between the electrodes. This sends an 
impulse to the turntable, which is caused 
to advance one position, and puts an 
empty test tube in position to receive the 
liquid when it siphons out. 

An example of the construction of a 
drop-counting unit is shown in Figure 48. 
As each drop falls, it intercepts and dis- 
perses a light beam which otherwise illumi- 
nates a photocell. The resulting diminu- 
tion in intensity at the photosensitive sur- 
face creates an electrical impulse which is 
fed into a counter-register unit. The 
register can be arranged to trigger the 
indexing of a turntable after any given 
number of drops has been counted. A 
detector of this type with a totalizer-se- 


Column 


Contact wire 


Volume 
regulating 
gosket 


Electrolytic 
bulb 


Variable 
volume 
siphon 
ossembly 


FILLING POSITION EMPTYING POSITION 


Figure 47. The principle of operation of the volumetric siphon type fraction collector. As the siphon 
assembly fills with liquid, the increase in pressure causes contact to be made in the electrolytic bulb. 
This sends an impulse to the re!ay unit and advances the turntable one position. When the liquid level 
in the siphon reaches the top of the bend in the overflow arm, the entire contents siphcn out. 


D. C. (NIL-Riggle Photoelectric Drop- 
counter, $550). 


(Continued on page A738) 


lector that can be set for up to 800 drops 
per fraction is made by National Instru- 
ment Laboratories, Inc., Washington, 


the all new REELCO quantitative GEIGER COUNTER 


‘The “REELCO” Lecturer Model GM-1A Quantitative Geiger Counter, designed especially for science teachers by 
Oak Ridge National Laboratory, will generate new life and interest in the classroom. The “REELCO” Model 
GM-1A has many new superior features: Large 4-inch Speaker-control panel switch—provides ample sound ° for 
entire classroom ° flashing indicator light—easily visible—Permits cutting of audio without sacrificing the effects 
of the demonstrators « Large 42-inch, 2%, meter easily read—Highly accurate—Superior Visibility—Specifically 
designed for the classroom Provides count rate operation plus count accumulation. 


RESEARCH ELECTRONICS CO. 


121 E. IRVING LANE OAK RIDGE, TENNESSFE 
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STYUCENT GRADE 


and square-wave type turntables wired for 
time, volume and drop-count, about $1500). 
Shandon Scientific Company Ltd., 
U. 8S. Distributor Consolidated Labora- 
tories, Inc., Chicago Heights, Illinois: 
(an automatic fraction collector which col- 
lects fractions by weight). 
Research Specialties Co., Richmon:i, 
California: (fraction collectors available in 
b each of the three basic types; an assembly 
comprising all is about $1000). 
Rinco, distributed through laboratory 
supply houses: (turntable with time and 
volume collection, $530; photoelectric drop- ; 
counter, $580). 
Bender and Hobein, distributed in U.S. 
by Harshaw Scientific Co., Cleveland 6, 
Ohio. 
Packard Instrument Co., Inc., LaGrange, 
Illinois: (fraction collectors especially de- 
signed for use with radioactively labelled 
Z specimens). 
Vanguard Instrument Co., LaGrange, 
Illinois: (a complete line of automatic 
fraction collectors and accessories). ) 
Gilson Medical Electronics, Middleton, 
Wisconsin: (all types of fraction collectors). 


Bibliography 

Bier, M., ed., “Electrophoresis Theory, 
Methods and Applications,’’ Academic 
Press, New York, 1959. 

Bioceg, R. J., Durrum, E. L., and Zweie 
G., “A Manual of Paper Chromatogra- 
phy and Paper Electrophoresis,’’ Aca- 


240-hole turntable wired for time-flow, 
volumetric siphon, and drop counting, $850). 


LKB Instruments, Inc., Washington 14, 
D. C.: (RadiRac Automatic Fraction 


Chemical Instrumentation 


Fraction collectors of all three types 
described above (either individually, or 


Sensitive oreo 
of Phototube 


14-inch dio. “No-Miss” 

target area formed by 
drop acting os jens 

to reduce light reaching 
| Phototube. 


; Figure 48. The sensing unit of a drop counter. Each drop inter- 
ae is cepts the light beam and causes a diminution of the intensity re- 
ea ceived by the photocell. 
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Chromatography Corporation of Amer- 
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elaborate units of 240-tube, circular, spiral, 
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NEW THERMOSTATIC BATH for LKB AUTOMATIC RADIRAC FRACTION COLLECTOR 


Where coldroom space is a problem and fraction | 
collecting must be carried out, it is now possible 
to employ a new accessory from LKB that will | 
allow test tubes to be kept at cold temperatures 
even though the entire apparatus is used outside of 
the coldroom. | 


Standard cold baths with circulating pumps can 
be employed to expose the Fraction Collector test 
tubes to cold temperatures by connection to the 
LKB Thermostatic Bath. 


The LKB Drop Counter is shown positioned in one 
of the many operational possibilities for the LKB 
RadiRac Fraction Collector. The new LKB Ther- 
mostatic Bath and Dust Cover Assembly are also 
pictured. 


| i ‘ For complete versatility in fraction collection, consider the following LKB features: 


@ New Thermostatic Cooling Bath 


om @ Collection of 240 test tubes either by LKB pioneered RadiRac 
method or conventional circular and spiral methods 


@ Large volume assembly easily attachable 
© Drop counting, Volumetric, or Time modes of collection 
@ Siphons for 1 ml, 2 ml, 5 ml, 10 ml, 25 ml, 50 ml 


@ External marking plug available for easy connection to Re- 
@ Rugged construction employed, including use of mercury corders in conjunction with automatic analysis of streaming 
switches throughout fluids 
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LKB Instruments Inc, 4840 Rugby Ave, Washington 14 D.C. 


International Sales Headquarters: LKB-Produkter AB, P.O.Box 12220, Stockholm 12, Sweden. 
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Next: Conclusion of the survey of 
chromatographic equipment. 


Specify PIONE! 


ways 


Now! Another NEW Product From PIONEER 
TWISTCOCK CONNECTOR 


It's a stopcock..it's a quick disconnect 
flexible tubing connector. Easy to 
operate—twist 90° and it's on—twist 
90° and it's off—light in weight, yet it 
seals against as much as 30 Ibs. pressure OFF = | 

at the male end. Tube connections 
long taper % to Overall length less = 
than 3%”. Made of unbreakable, cor- z 

rosion-resistant polyethylene. It's a must Each Dozen Case(72) 
for every lab. 56 .50 ea 45 ea 


FH-100 FUNNEL HOLDER 


Versatility is the word for this space 
saver. Holds all funnels over beakers. 
Can easily be adapted to various 
needs with knife or cork borer to hold 
test tubes over steam bath, etc. Saves 
space in stockrooms and lockers. 


Each Dozen Case (72) 
at .28 ea .25 ea. 


MICRO FUNNELS 


Four sizes. Use these small 
funnels for microwork, filling 
burettes, manometers, etc. 

MM. EA. DOZ. CASE (72) 
45 .21 .19ea. .17 ea. 
35 19 .17ea. .15 ea. 
28 .17 .IS5ea. .13 ea. 
24 .l5ea. .13 ea. 


POURING SPOUT 


Fits standard and 
non-standard taper 
reagent bottles. Pours 
evenly, whether fast 
or slow. Will not 
drip. Equipped with 
tight-sealing dust 
cap. Uses our stand- 
ard hollow stopper 
for cap. 


Send for catalogue of muti line of Nine sizes, priced 
unbreakable polyethylene labware—sold from .20 each in case 
through leading supply houses. (72) lots. 
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Box. 8066  Arli ile 11, Florida 
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Edited by William G. Kessel 


When writing for additional information about new products or for 
new literature, your inquiry will receive prompt attention if you write 
on your firm or Institution letterhead and mention the Journal of 


Chemical Education and the date of the particular issue. 


Pamphlets, 


booklets and similar literature are gratis unless otherwise specified. 


New Apparatus and Equipment 


>The addition of 18 new types of pipets 
including volumetric measuring pipets, 
more seriological pipets, and _bacterio- 
logical pipets, to its color-coded line has 


been announced by Kimble Glass Co., a 
subsidiary of Owens-Illinois, Toledo, Ohio. 


> A new multi-use support ‘‘Mobil-Rack”’ 
has been introduced by Labline, Inc., 3070 
W. Grand Ave., Chicago 22, Illinois for all 


SOLVENTS 


ONE 


4 


\ | 
“U.S! LABORATORY SINK HANDLES THEM ALL! 


The wider range of corrosives encountered in 
modern laboratory service makes this basic 
advantage of the “U. S.” Chemical Porcelain 
Sink more important than ever! Solid, non- 
porous chemical porcelain handles all corrosives 
safely . . . hot or cold, weak or concentrated 

. . eliminates any need for installing special 
sinks to handle special corrosives. In labora- 
tories equipped with “U. S.” sinks there is no 
concern about which sink takes which corrosive. 
No need to consult “chemical resistance” charts. 
Less chance for costly errors. 


“U. S.” Chemical Porcelain Laboratory Sinks 
provide practical answers to today's laboratory 
requirements. They are unsurpassed in time- 
proven durability. Their hard, smooth, “mist 
gray,” “surf-green” or sparkling white glazed 
surfaces are easiest to clean, can't absorb stains 
or odors, never need honing or scouring. Me- 
chanically strong and rugged, superior heat- 
shock resistance for carefree maintenance. 


Our new Bulletin L-10 gives complete details, 
illustrates more than 50 standard sizes and many 
styles. Call your Laboratory Furniture Dealer or 
write direct. 


CHEMICAL CERAMICS DIVISION 


o 


U. S. STONEWARE 


AKRON 9, OHIO 
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types of laboratory apparatus assemblies. 
It can be used from both front and back 
sides simultaneously because of the double- 
sided channel construction. 


>» The Model A-60 Analytical NMR 
Spectrometer System enables both quali- 
tative and quantitative analysis of or- 
ganic compounds by means of the tech- 
niques of nuclear magnetic resonance. 
This compact, economical instrument is 
sensitive to the hydrogen nucleus at an 
operating frequency of 60 mc and a mag- 
netic field strength of 14,092 gauss. 
Typical volume of a liquid sample is 0.2 to 
0.4 ce. (cylindrical). The instrument is 
capable of resolving two lines separated by 
one part in 108 and has sensitivity suffi- 
cient for a wide range of analytical prob- 
lems. Write Instrument Division, Varian 
Associates, 611 Hansen Way, Palo Alto, 
California. 


New Literature 


@ Thermolyne Corporation of Dubuque, 
Iowa, has released for distribution their 
new 44 page catalog No. 61. It contains 
illustrated descriptions and full price 
information of their THERMOLYNE 
and TEMCO line of laboratory and in- 
dustrial equipment including electric fur- 
naces, hot plates, temperature controllers, 
pyrometers, magnetic stirring hot plates 
and clinical apparatus. In addition to 
the cover carrying a temperature conver- 
sion table to 9000° F the new catalog in- 
cludes a general introduction to electric 
furnace operation and control. Copies 
will be supplied free upon request on 
company or institution letterhead ad- 
dressed to Thermolyne Corp., 471 Huff 
St., Dubuque, Iowa. 


@ Technical Bulletin No. 511, Metal 
Hydrides for Hydrogen Generation, de- 
scribes how metallic hydrides can be used 
for ‘“‘in-situ’’ generation of hydrogen 
through their interaction with water. The 
bulletin is available from Metal Hydrides 
Inc., 12-24 Congress St., Beverly, Massa- 
chusetts. 


@ Copies of Catalystings, a quarterly 
publication by Wilkens-Anderson Co., 
4525 W. Division St., Chicago 51, Illinois, 
are now available free upon request. 
Manufacturers and distributors of labora- 
tory equipment and supplies, Wilkens- 
Anderson issues Catalystings to review new 
and improved products in their extensive 
line. 


@ Platinum Metals Review Volume 5, 
Number 3, July 1961 is now available from 
the J. Bishop and Co., Platinum Works 
Malvern, Pennsylvania. 


@ Hazelton-Nuclear Science Corp., 4062 
Fabian Way, Palo Alto, California, an- 
nounces their new catalogue which de- 
scribes a line of radio-active services and 
ultra-pure labeled compounds. 


@ General Catalogue No. 1031E, Instru- 
ments and Apparatus for Chemical Labora- 
tories may be obtained from LKB Instru- 
ments, Inc., 4840 Rugby Ave., Washington 
14, D.C. 


(Continued on page A743) 


t 
ACIDS 
ALKALIES \ 
CAUSTICS \ | 
} 
| 
| 
| 
>, 
4 


destination known 


\ 


Know the itinerary of the striding figure 
above and you know a lot about 


- what goes on in the living cell. 


It represents a radioactive Carbon 14-tagged atom in the Thymidine 

molecule, a principal constituent of the DNA “master” molecule. By following 
the migration of the tagged atom in the living body, you gain insight into 

the life cycle of its cells. Only by radioisotope techniques can you probe 

so deeply: only radioactive labeling can identify individual atoms without 
changing their chemical properties. 


Look to Picker Nuclear for radioactive { Pharmacology 
compounds of guaranteed purity / Animal Husbandry 
for research work in [ linical Medicine 


Food Technology 


Acids and Derivatives 


Fast local service for any of these or similar radioactive materials 
Car boh ydr ates through 183 local Picker offices throughout the 


Hyd rocarbons United States and Canada. 
Purines and Pyrimidines 
Ring Labeled Aromatics 
and many others 


PICKER X-RAY CORPORATION WHITE PLAINS, N.Y. 
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Mettler Balances from S/P 


which one fits your needs? 


From micro to macro, there’s a Mettler 
Balance from S/P that’s perfectly suited 
to your laboratory. These modern single 
pan balances are fast, accurate, conven- 
ient. With Mettler Balances, it takes less 
than 30 seconds to determine an un- 
known weight, and they’re so simple to 


operate no special training is required. 


Scientific Products has Mettler Balances 
in stock. For complete literature or a 
conclusive demonstration, ask your S/P 
Representative or write our General 
Offices (address below). 


scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - Boston - Charlotte - Chicago - Columbus « Dallas « Detroit - Kansas City 
Los Angeles - Miami + Minneapolis - New York - San Francisco + Washington 
Export Department—Flushing 58, L. !., New York. In Mexico: Hoffmann-Pinther & Bosworth, S. A. 
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@ Minneapolis-Honeywell Regulator Co., 
Station M389, Wayne and Windrim Ave., 
Philadelphia 44, Pennsylvania, announces 
the second revision of Catalogue G-10b, 
Scientific and Test Instruments. 


@ Pfanstiehl Laboratories, 1219 Glen Rock 
Ave., Waukegan, Illinois, have published a 
new and enlarged 46-page catalogue of bio- 
chemicals, including rare sugars, amino 
acids and derivatives. A new feature of 
the 1961 catalogue is the inclusion of struc- 
tural formulas in addition to specifications, 
systematic names, plus commonly used 
synonyms and prices. 


@ Patent Intelligence File Co., 187 Olive 
St., New Haven, 11, Connecticut, now 
supplies Patent Digests as published in the 
Official Gazette. A brochure with details 
on this service is available on request. 


@ Sargent Bulletin ST describes in detail 
the Sargent spectrophotometric and po- 
tentiometric titrators and their applica- 
tions. These instruments are equipped 
for those titrations which provide potentio- 
metric end points from the four general 
classes of acid base, oxidation reduction, 
precipitation, and complex formation. 
Write for your copy: E. H. Sargent & Co., 


4647 W. Foster Ave., Chicago 30, Illinois, 


Dept. ST. 


@ A revised and greatly expanded data 
bulletin on n-butyl alcohol has just been 
released by U. S. Industrial Chemicals Co. 
It is specifically designed to provide infor- 
mation on n-butyl alcohol for the surface 
coatings and chemical processing indus- 
tries. Copies are available from Tech- 
nical Literature Department, U. S. 
Industrial Chemicals Co., 99 Park Ave., 
New York 17, N. Y. 


@ The storage, transfer and measurement 
of methyl chloride are covered in a new 
bulletin just issued by Ansul Chemical Co., 
Marinette, Wisconsin. The company 
points out that the bulletin applies equally 
well to other liquefied gases. 


@A “New Product’’ section containing 
179 new products high-lights the Reference 
Guide and Price List No. 021 for Research 
Biochemicals just issued by Mann Research 
Laboratories, 136 Liberty St., New York 6, 
N.Y. 


@ Publication of a new catalogue on high 
vacuum technology and products has been 
announced by the Vacuum Products Div., 
Varian Associates, 611 Hansen Way, Palo 
Alto, California. 


@ A new, 240 page multi-color catalogue 
No. 161, illustrating and describing Blue 
M Electric Company’s complete line of 
electric ovens, furnaces, baths, environ- 
mental cabinets, related temperature con- 
trol equipment and accessories for labora- 
tory, pilot plant, and production is avail- 
able on request from Blue M Electric Co. 
138th and Chatham St., Blue Island, 
Illinois. 


(Continued on page A744) 


Glass tubing, bottles, or jars up to 3 inches in 
diameter can be cut neatly and quickly with this 
cutter. Soft glass, Pyrex-Brand Glass, or other 
hard-glass tubes can be cut with equal ease. The 
article is first encircled with a scratch made by a 
cutter wheel conveniently mounted on the side of the 
transformer, the scratch is heated by contact with 
the hot wire, and then cooled quickly by applying 
water or by blowing on it. No other equipment is 
required. 


The cutting wire is supported on two insulated 
posts and is heated by current from a 12-volt trans- 
former serving as the base. No. 24 (B & S gauge) 
nichrome wire is used and is easily replaced. Three 
extra wires are included. By means of an adjust- 
ment on the transformer, the current can be con- 
trolled to give the optimum heat for whatever type 
of glass may be used. An instruction plate is 
mounted near this control. The unit operates on 
115 volts, 50 or 60 cycle A.C. Over-all dimensions 
are 6 x 4!/, x 9 inches high. 


Each, $42.50 


ESTABLISHED 1880 


A Complete Glass Cutting Unit 
Welch WOT-WIRE GLASS-TUBING CUTTER 


Produces Clean, Straight Breaks 
Cuts Hard or Soft Glass with equal facility 


No. 5210 


THE WELCH SCIENTIFIC COMPANY 


1515 Sedgwick Street, Dept. D-1, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


Instant, 
Positive, 


GAS 


with the BROTHERS 


= Sensitive well below the mac 
range* 


= Consistant results 
= Easy to use 
= Wide choice of tubes 


Don’t take chances with poisonous and 
deadly fumes. This easy-to-use, precision 
instrument will tell you when dangerous 
fumes are present... 
down to a few PPM. Send 
for complete literature. 


* MAXIMUM ALLOWABLE CON- 
CENTRATIONS for exposure during 
an eight hour day adopted at the 
22nd annual meeting of the Amer- 
ican Conference of Governmental 
Industrial Hygienists. 


$ 85.00 
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COMPLETE with pump, 
remote sampler and 

one hundred tubes in 
sturdy leather case. 


: 
test proven Detection Kit 
CHEMICAL CoO., INC. 
ORANGE, NEW JERSEY 


10D 
NEW Portable Laboratory 
HIGH VACUUM PUMP 


High Efficient Pumping Capacity e Free 
Air Displacement 50 L. Per Min. e Quiet 
Operation e Portability « Economy of 
Operatione Absolute Pressure 0.1 Micron 


DESIGN FEATURES UNIQUE TO THE VACU- 
PUMP: Carry handle on supermount for easy 
portability. *"fnsulation and rubber mounti to 
eliminate noise. New vertical design, wit os 
belt and pulley, reduces operator hazard, makes 

. pumps leak-proof, requires a much smaller volume 
of oil per charge. In filling the pump, oil is not 
introduced at the point of discharge, making it 
unnecessary to disconnect pump. 


SPECIFICATIONS: 


Now Check Our Economical Price 
CAT. NO. JC84424. 


(Displacement, Speed) . mn. Weight 
Oil Charge Required.................e+ee05 1 Pint mperage 


REG 


STANDARD SCIENTIFIC 


S. 808 BROADWAY 
NEW YORK 3. NY. 


LABORATORY 
AND REAGENT 


Write today for your copy 


of BROTHERS’ catalog... 


BROTHERS 
CHEMICAL CoO.’ 
ORANGE, NEW JERSEY 
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Prompi Quotations 
without obligation. 


Serving thousands of laboratories with thousands of reagents. 


LABORATORY 
APPARATUS 


REAGENTS 
AND 
CHEMICALS 


Out of the 


EDITOR’S BASKET 


@ Order the following from O.T:S., U. 8. 
Department of Commerce, Washington 25, 
D. C., by number: 

PB 171 596: A Study of the Nature of Free 
Radicals in Irradiated Chemical Systems. 
P. Y. Feng and others, Armour Research 
Foundation of Illinois Institute of Tech- 
nology, for Wright Air Development 
Division, U. S. Air Force. November 
1960. 65 pages—$1.75. 


PB 171 563: Stereospecificity and Di- 
electric Properties of Polar Polymers. H. 
H. Zabusky and H. A. Pohl, Plastics 
Laboratory, for Office of Naval Research, 
Department of the Navy. August 1960, 
52 pages—$1.50. 

IS—178: Low - Cost Bridgman - Type 
Single-Crystal Growing Apparatus. E. H. 
Olson, Ames Laboratory, Iowa State 
University of Science and Technology, for 
U.S. Atomic Energy Commission. August 
1960, 51 pages—$1.25. 

PB 171 530: Properties of Solutions in 
the Neighborhood of the Critical Tem- 
perature of the Solvent. S. W. Benson and 
others, University of Southern California, 
for U. S. Government. April 1961, 25 
pages, 75 cents. 


Miscellany 


% Why U. S. physicist and chemists do 
not read more than an estimated five per- 
cent of the current professional literature 
published in their fields is explored in a 
National Science Foundation-sponsored 
study released to science and industry 
through the Office of Technical Services. 

A total of 701 scientists took part in the 
survey—297 chemists and 404 physicists. 
“Data concerning the scientist’s reading 
behavior were obtained by self observa- 
tion by the scientist over a consecutive 14- 
day period.’”’ Then, the test subjects were 
furnished questionnaries and wired for 
sound. Actually, each was given a 
“Random Alarm Mechanism.” The 
RAM is “an electronic device about the 
size of a package of cigarettes which was 
designed to emit audible alarms at random 
moments.” 

When the alarm sounded, if the scientist 
was reading a scientific periodical he filled 
out a short questionnaire indicating the 
nature of his reading matter. “If he was 
not reading a scientific periodical when the 
alarm sounded,’”’ he merely put a check 
mark on the questionnaire. The possi- 
bility of the self-conscious scientist, pur- 
posely or subconsciously, altering his 
reading habits during the survey period 
was taken into consideration. Each 
scientist’s identity was protected, and he 
was requested “not to consciously alter 
(his) normal pattern of journal reading.”’ 

Other parts of the study included 
“significant variables which are under the 
publisher's control’’ and a “cost equa- 
tion.’ 

The study PB 171 503 may be obtained 
from the O.T.S., U. S. Department of 
Commerce, Washington 25, D. C., for 
$2.00. 
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1. Graduated PYREX beaker — 
Now you can measure volumes 
quickly and with reasonable ac- 
curacy in a multi-use beaker. 
Graduations are white enamel. 
Cost is only a few pennies more 
than for ungraduated beaker. 
250, 400, 600, 800, 1000 ml. 


2. ACCU-RED cylinder—Gradu- 
ations will never fade or wear off 
this Pyrex cylinder. ACCU-RED 
process fuses them right into the 
glass, as in our ACCU-RED pipets 
and burets. Bead and hex bot- 
tom help prevent breakage. 10, 
25, 50, 100, 250 ml. No. 3050. 


3. Replaceable tubulation— 
You don’t have to throw out 
this Pyrex filter flask if the tu- 
bulation breaks. Tubulation and 
neoprene grommet both are eas- 
ily, inexpensively replaced. 250, 
500, 1000 ml. No. 5341. 


4. Bigger funnels — Now you 
can match the Pyrex filling fun- 
nel diameter to the job. New 
inside diameters are 75, 100, 125, 
and 150 mm.—added to the 65 
mm. size in LG-2. No. 6220. 


No. 1002. 


FIVE NEW LABWARE TOOLS 
FROM CORNING 


These five products are the latest results 
of our continuing effort to help you do a 
job better, do it more quickly, and save 
money. 

Four of them give you the time-proved 
chemical-thermal-mechanical balance of 
PyrEx® brand No. 7740 glass. You can 
work confidently, relying on its combina- 
tion of properties. 

The fifth has a Vycor® brand glass 
jacket to provide the extreme resistance 
to thermal shock and the chemical dura- 
bility an immersion heater requires. You 
can use it for fast heating of most acids 
and other liquids. 

For more information on any or all of 
these items, write for Supplement No. 3 
to Catalog LG-2. Or call your laboratory 


5. VYCOR immersion heater— 
You can swizzle heat into a 
solution quickly with this radi- 
ant heater..Cord-end portion is 
unheated so you can hold it or 
rest it against the container. 
Cord and plug included. 250, 
00, 1000 watts—all operate on 
120 volts. No. 16790. 


supply representative. When ordering, 
combine your Pyrex labware needs for 
quantity discounts as high as 23.5%. 


CORNING MEANS RESEARCH IN GLASS 
CORNING GLASS WORKS 
7610 Crystal Street, Corning, N.Y. 


Please send me Supplement No. 3 to 
Catalog LG-2. 


Name 


PYREX: laboratory ware... the tested tool of modern research 
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CALIFORNIA 
Nurnberg Scientific Division 
Berkeley 
Harshaw Scientific Division 
Los Angeles 
Scientific Products Division 
South San Francisco | 
Chemical Supply cum 
van N 
Dist. OF ‘COLUMBIA 
Z. D. Gilman, Inc. MISSOURI 
Scientific Products Division. St. Louis 
Chamblee Chicago A 
St. Louis 
ILLINOIS 
Chicago Apparatus Company 
Chicago 


KENTUCKY 


B. Preiser Company: 
Louisville 


LOUISIANA. Laboratory Supply Comp 
W.H. Curtin & Company 
New Orleans 


MARYLAND 


Will Corpagation of Maryland 


Ri as 


Ath 


is 


Wherever you are, there’s an MC&B Distributor practically next door, co 
just waiting for you to specify MC&B chemicals. The Distributors vaT 


listed above maintain complete basic stocks of MC&B chemicals. 
All other MC&B distributors give fast service too, because we sup- 
plement their stocks with immediate shipments from our always 
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Long Island City 
Emil Greiner Com 
New York City 
Palo Laboratory Supplies, 
New York City oe 
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next door eee 


r, complete inventories. For faster, more dependable Ser- 
s vice on over 4,000 laboratory chemicals SPECIFY MC&B. 
. Matheson Coleman & Bell 
¢ Division of the Matheson Company, Inc. 


Norwood (Cincinnati), Ohio; East Rutherford, New Jersey 
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CONCENTRATION.. 


manufacturing success. Just as we concentrate on 
the production of top quality laboratory glassware 
at the lowest cost possible, we make it possible for 
you to concentrate on saving a substantial part of 
your lab supply budget for other needed materials. 
If you are now using Diamond D laboratory glass- 
ware, you are getting the best value for every 
dollar spent. If you aren't then it’s time 
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filters isolate Mg, Li 


for rapid flame analysis 


Magnesium from 5 to 4,000 ppm; lithium 
from 0.0097 to 970 ppm—measurements in 
these concentrations are quick and easy with 
two new spectral filters now available for use 
with the Coleman Flame Photometer. 


Another accessory, the Autoflow Sample 
Handling System, actually triples ana- 
lytical speed—by providing direct feed of 
sample to atomizer burner and automatic and 
instantaneous removal of unused sample. 


With its analytical scope now encompassing five 
important metallic elements (Na, Ca, K, Mg, Li) 
... with its unequalled speed and convenience 
of analysis ... the Coleman Flame Photometer 
is a time and money saver for amy laboratory 
charged with a heavy analytical work load. Sim- 
ple and dependable, it requires no water con- 


nections, no special fuel gas, and no specially- 
trained operators. 

The advantages of flame analysis over wet chem- 
istry methods have long been established—im- 
proved precision in analysis of these elements in 
higher concentrations; accurate trace analysis 
in extremely low concentrations; major savings 
in time, effort, chemicals and laboratory space. 


Find out about the special advantages of 
Coleman flame analysis. 
Ask for these publications: 
BB-242A—Coleman Flame Photometer; 
BB-265—Autoflow Sample Handling System; 
BT-169—Flame Photometric Determination of 
Magnesium; 
BT-174—Flame Photometric 
Determination of Lithium. 


COLEMAN INSTRUMENTS, INC., MAYWOOD, ILLINOIS 
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1000 PAGES 


APPARATUS, INSTRUMENTS 
AND EQUIPMENT FOR SCIENTIFIC LABORATORIES 


LaPine Catalog “C” is designed to give scientists and 
purchasing personnel all the information needed to 
make correct decisions and purchases. 


Catalog “C” is clearly written, fully il) astrated. Prices 
are current with the printing date. 


An alphabetical listing and ascending numbering 
system is used for maximum speed and ease. The 
comprehensive, extensively cross-referenced subject 
index pinpoints the location of every item. 


SERVICE 

LaPine Scientific Company stocks most items listed 
for immediate shipment from the centrally located 
Chicago warehouse, or, if the order originates in the 
east, from the New York warehouse. 


CATALOG DISTRIBUTION 

Catalog “C” is now being mailed to laboratories and 
purchasing personnel all across the nation and 
throughout the world. Please let us know the catalog 
requirements of your laboratory or department. 


LaPINE SCIENTIFIC COMPANY 


6001 SOUTH KNOX AVENUE, CHICAGO 29, ILLINOIS, U.S.A. 


MANUFACTURERS © DISTRIBUTORS 


LABORATORY SUPPLIES * EQUIPMENT * REAGENT AND INDUSTRIAL CHEMICALS 
IN THE EAST: LaPINE SCIENTIFIC COMPANY (NEW YORK) SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK 
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“VISIBLE” MONOMOLECULAR FILMS 


Estimation of Molecular Size and Avogadro’s Number 


Submitted by: L. Carroll King, Northwestern University, Evanston, Illinois 
Checked by: James R. Mills, Southfield High School, Southfield, Michigan 


PREPARATION 

Set up a series of four test tubes each containing 9.0 
ml of pentane. Add 1.0 ml of oleic acid to the first, 
transfer 1.0 ml of this solution to tube 2, and so on. 
Tube 4 will contain 0.001 ml of oleic acid per 10.0 ml 
of solution. 

A plastic cake dish, 15 X 20 X 9 em, is filled with 
water until the water surface is above the edge of the 
dish; add one drop of concentrated hydrochloric acid to 
the water. Clean the water surface with a lucite bar- 
rier, 17 X 2 X 1 em, cover with “piston oil,’’ and dust 
with lycopodium powder. 

DEMONSTRATION 

Place 0.10 ml of the solution in tube 4 (1 X 10-5 em’ 
of oleic acid) on the surface of the measuring tray. Af- 
ter evaporation of the pentane, the oleic acid film is 


easily visible since it will push back the piston oil and 
lycopodium powder and form an approximately circular 
area on the water surface. 


REMARKS 

The area of the film may be measured by outlining the 
film on a glass plate, transferring the outline to a piece 
of graph paper graduated in millimeters, and counting 
the squares. From the known volume of oleic acid in 
the film and from its area, the thickness of the mono- 
molecular film can be calculated. Calculation of Avo- 
gadro’s number from this data was discussed by King, 
L. C., and Neilsen, E. K., J. Cuem. Epuc., 35, 198 
(1958). ‘Piston oil” may be prepared by heating 
‘“‘Hyvac’”’ oil for eight hours at 300°C or until it forms a 
film. [See also Kuehner, A. L., J. Coem. Epvuc., 19, 
27 (1942) J. 
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FIRE UNDER WATER 


Submitted by: R. B. Escue, North Texas State University, Denton, Texas. 
Checked by: Berta May Pope, Arlington High School, Arlington, Texas. 


PREPARATION 

Fill a conical vessel or a 100-ml graduated cylinder 
(size 3) almost full of water. Add sufficient potassium 
chlorate without stirring to form a layer of the solid 
about 5 mm thick at the bottom of the vessel. Cut a 
piece of white phosphorus the size of half a pea into 4 or 5 
smaller pieces. Drop into the graduate so that the 
phosphorus remains on top of the KCIO; layer. 
DEMONSTRATION 

Place a long thistle tube so that its outlet is near the 
phosphorus pieces and slowly pour separate small (0.5 
ml) portions of concentrated sulfuric acid into it. Allow 
the reaction to diminish after each addition. Soon bub- 
bles of gas will form that will cause sparks as they con- 


tact the phosphorus. The “‘fire’’ or sparks readily seen 
in a darkened room are produced under water. 


REMARKS 


The gas probably is a mixture of chlorine dioxide and 
oxygen. 
4KCIO; + 2H.SO, 2K.SO, + 4 ClO. + O. + 


Do not add any fresh potassium chlorate to the acidi- 
fied mixture. When the demonstration is concluded, 
decant most of the fluid without exposing the phospho- 
rus to air. Add fresh water to dissolve the potassium 
chlorate residue. Continue decanting and washing un- 
til only phosphorus remains for disposal by burning. 
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from abstract ideas...fundamental knowledge at Esso Research 


New insight into the interaction be- 
tween hydrocarbons and catalytic 
surfaces has been acquired by Esso 
Research scientists using advanced 
techniques for fundamental studies of 
adsorption on heterogeneous catalysts. 
The first results were obtained from a 
detailed infrared study of adsorbed 
acetylenes. 

Acetylene, deuteroacetylene, methyl 
and dimethyl acetylenes are strongly 
chemisorbed on alumina even at room 
temperature. The first three can also 
exist in a weakly adsorbed state. The 
strongly held species are held perpen- 
dicular to the surface through the 
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acetylenic hydrogens, except dimethyl 
acetylene, which is held parallel to the 
surface. All the weakly held acetylenes 
are held parallel to the surface. The 
sites responsible for the strong chemi- 
sorption of acetylenes are different 
from those responsible for the strong 
adsorption of dimethyl acetylene. Sur- 
prisingly, no strong chemisorption of 
either acetylene or dimethyl acetylene 
was observed with silica. 

These results raise several challeng- 
ing fundamental concepts. Thus, the 
head-on adsorption is quite unexpected 
for a molecule containing a reactive 
triple bond, and it is perhaps surpris- 


ing that only substitution by two in- 
ductive methyl] groups can activate the 
acetylenic triple bond sufficiently for 
sideways adsorption. Finally, the great 
difference between and Al.O;3 
raises important questions concerning 
the role of the oxide in the adsorption. 

This work is continuing together 
with other basic studies of adsorption 
on catalysts including such advanced 
methods as microcalorimetry and con- 
ductivity. 


... adapted from a scientist's notes at 
EssoResearch and Engineering Company 
P.O. Box 45B, Linden, New Jersey. 
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These two balances with the same outward 
appearance are fundamentally different. Both 
are single-pan, but one is a 2-knife-edge 
substitution balance, the other a 

3-knife-edge, equal-arm balance. 


This difference is of the greatest significance to 
instructors who use the balance to teach the 
principles of weighing or of measurement in 
general. 


Teaching with a 3-knife-edge, single-pan 
balance, the instructor will explain that one 
major systematic error can be caused by 
inequality of the supposedly equal beam arms. 


As a corollary, he will show the students how 
the error can be checked quantitatively. 
Unfortunately, the construction of most 
3-knife-edge, single-pan balances is such that 
this check is quite difficult to make for anyone 
but a trained balance technician. And 
transposition weighings, to eliminate the error, 
are not possible on these balances. 


A system of measurement with a systematic 
error but no simple way to check the extent of 
the error is hardly one to use for 

teaching purposes 


The 2-knife-edge, single-pan substitution 
balance compares object and weights on one and 


the same beam arm. It measures them with 
the same yardstick. A lever arm error cannot 
exist. This type of balance demonstrates to 
the student quite vividly how proper 
selection of the measuring method can 
reduce the number of systematic errors 


METTLER has by far the greatest experience 
in the design and manufacture of 2-knife- 


edge, single-pan substitution balances. Ask us 
to let you try in your laboratory one of the 
models most suitable for work with students. 


INSTRUMENT | CORPORATION 


P.0. BOX 100, § PRINCETON, NEW JERSEY 
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How to bring radioisotopes into your chemistry curriculum 


Read how these Nuclear-Chicago products help to 
enlarge the scope of chemical education and 
also serve graduate and faculty research needs 


ADIOISOTOPE procedures offer 

chemistry students penetrat- 
ing insights into the laws of nature. 
Forward-looking educators are 
using the equipment illustrated at 
the left in lectures, for student ex- 
periments, and in research. These 
eleven photographs suggest the 
scope and completeness of Nuclear- 
Chicago’s instrument line for teach- 
ing and research. Systems range 
from low-cost equipment for 
demonstration to sophisticated 
instrumentation for fundamental 
investigation. All are characterized 
by reliability, precision, versatility, 
and inherent safety. 

Chemistry departments now 
employing radioisotope techniques 
will want to consider program ex- 
pansion to take advantage of the 
newer products illustrated. Others 
may well regard the apparatus pre- 
sented here as a planning guide. 


Low-cost demonstration equip- - 


ment for the nuclear age became a 
reality with the introduction of 
Nuclear-Chicago’s Cloudmaster® 
and Classmaster®. The Cloudmas- 
ter (figure 1) is a continuously 
sensitive cloud chamber that pro- 
vides a spectacular display of ioni- 
zation tracks caused by alpha, beta, 
gamma, and meson radiation. The 
Classmaster (figure 2) is a complete 
system for demonstrating radiation 
absorption, scattering, geometry 
effects, coincidence loss, etc. In ad- 
dition, it permits simple tracer 
experiments using license-exempt 
radioisotopes. Both instruments 
enjoy wide acceptance because of 
their simplicity of operation and 
the vivid, easily-understood presen- 
tations they make possible. 

’ Thirty-three student experiments 
that fit naturally into the chemis- 
try curriculum without requiring 
changes in basic course content are 
contained in a new 187-page experi- 
ment manual and 60-page com- 
panion volume of instructor notes 
(figure 3) developed by Nuclear- 
Chicago under contract with the 
Atomic Energy Commission. 
Model 4001 nuclear training sys- 
tem (figure 4) is offered with iso- 
topes, sample preparation equip- 
ment, and instruments to perform 
all the experiments covered in the 
manual. The system features ease 
of sample preparation using the 


chimney funnel shown in figure 5. 

Model 4001 is supplied with the 
long-lived radionuclide set RNS- 
110 (figure 6) and the radionuclide 
certificate book RCB-1 (figure 7) 
with which the instructor can order 
short- or long-lived isotopes as 
they are needed. Neither requires 
an AEC license to purchase or use, 
and both are available individually. 


As student mastery of radioiso- 
tope procedures advances, a chem- 
istry department will next want to 
consider establishing a complete 
nuclear laboratory for precision 
handling, detection, and counting 
of beta- and gamma-emitting iso- 
topes. Such a facility has valuable 
application to qualitative and quan- 
titative studies at both the graduate 
and undergraduate levels. A typical 
installation is pictured in figure 8. 
In the left foreground is the Model 
701 liquid scintillation detector 
with Logic scaler, and at the right 
is the Model C120 automatic sam- 
ple changer for gamma-emitting 
liquids or solids in test tubes. In 
the background, from the left, are 
the Actigraph IT® system for scan- 
ning radiochromatograms, a low- 
background automatic sample 
changer for solid beta samples, and 
the Dynacon® electrometer for 
high-efficiency measurement of beta 
samples in the gaseous phase. 

At this stage, the ideally equip- 
ped university will lack only the 
means to create its own radioactive 
isotopes and to study reactor tech- 
niques and fundamental nuclear 
properties. For these basic needs, 


Nuclear-Chicago Corporation 


General Catalog S 

(_] Radiochemistry Experimental Manual 
(J Cloudmaster Cloud Chamber 

(J Classmaster Demonstration System 
C) Model 4001 Nuclear Training System 
Radionuclide Sources 

C) Liquid Scintillation Detectors 


Nuclear-Chicago offers a_three- 
step program. 

First, undergraduate depart- 
ments will choose the NH3 neutron 
howitzer (figure 9) for experiments 
with low-level neutron sources, pro- 
duction of short-lived, low-intensity 
radioisotopic tracers, and low-flux 
activation analysis. 


Second, the chemistry, physics, 
and engineering faculties will often 
cooperate in establishing an ad- 
vanced training facility centered on 
the inherently safe Model 9000 
subcritical assembly (figure 10). 
Characteristics of this water-mod- 
erated, natural uranium assembly 
are nearly identical in nature to 
those of a full-scale power or re- 
search reactor, and the student 
readily masters the fundamentals 
of reactor theory and design. 


Finally, the long-felt need of 
university research scientists for a 
versatile, relatively inexpensive, 
high-intensity neutron source can 
be well satisfied by the TNC neu- 
tron generator designed and manu- 
factured by Nuclear-Chicago’s sub- 
sidiary, Texas Nuclear Corporation 
(figure 11). Providing a control- 
lable yield of 4x 101° neutrons per 
second and a thermal neutron flux of 
greater than 105 using an appropri- 
ate moderator, the generator is 
widely employed in activation 
analysis, process control, applied 
research and development, and 
fundamental investigation. 


You may request comprehensive 
data simply by indicating your 
interests on the coupon below. 


nuclear-chicago 


CORPORATION 


343 E. Howard Ave. 
Please send me literature as checked below: 


Des Plaines, Illinois 


] Model NH3 Neutron Howitzer 


] TNC Neutron Generator 


(_] Automatic Gamma Sample Changers 
Actigraph Il Scanning System 

(| Automatic Beta Sample Changers 

Dynacon Electrometer 


(_] Model 9000 Subcritical Assembly 


Name 


Title 


Institution 


Address 


City 


Zone State 
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NEW! THE MOST VERSATILE PRECISION PIPETTOR YET DESIGNED! 


macro accropet pipettor 


You asked for it .. . it’s here: the new “big 
brother” in our justly popular and depend- 
able family of Accropets. The most adapt- 
able pipettor ever devised. Any capacity 
within the range of 2 to 25 ml. can be set 
accurately... and this one precise setting 
can be used repetitively, without error, until 
the Accropet is reset to a new volume. In 
addition, unsanitary, unsafe mouth-oper- 
ated pipetting is banished forever. 

The one-hand operation is quick, simple, 


720386E Macro Accropet, for ipets 2 mi. to 25 mi. 
$12.00 each; in lots of six $10. each, in lots of 
twenty-four $9.60 each. 


ID Micro Accropet, for pipets up to and in- 


720386 
cluding 2 ml., and red and white blood pipets. $4.95 
each; package of six 70. 
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safe. Set the Accropet—push to fill—push 
to dispense. Fine screw thread gives mi- 
crometer-like adjustment and control for 
both filling and discharging. 

Expertly constructed of pure, white, high 
temperature polypropylene that can be 
sterilized, (withstands up to 320° F). “O” 
ring construction provides exceptionally 
accurate, reliable, leak-proof action. Rub- 
ber tubing connection permits considerable 
flexibility, helps eliminate pipet breakage. 


720386 Ultramicro Accropet, for pipets up to and 
inclucing 2/10 ml., and especially recommended for 
lambda-pettes. $3.50 each; package of six $16.80. 


« sizes from ultramicro to 25 ml. are now avail- 
able. 


Write for Accropet brochure. 


EMIL 


0-26 N. Moore St, DPT. 422, N. Y. 13, N. Y. 
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CHEMICAL PROJECTS 


Research Ideas for Young Chemists 


Compiled by 


JAY A. YOUNG, Kings College, Wilkes-Barre, Penna. 


JOHN K. TAYLOR, National Bureau of Standards, Washington, D. C. 


The lodometric Titration of Arsenite in Alkaline Solutions 


See McAtring, R. K., J. Chem. Educ., 26, 362-6 (1949). 


Iodine solutions are usually standardized against a reducing 
agent which is itself a primary standard. Of these, As2O; is 
probably most commonly used, based on the classical work of 
Washburn in 1908. However, as McAlpine points out, there is 
some reason to question the validity of the conclusions drawn by 
Washburn from his data. In particular, when the iodine reagent 
is added to an alkaline solution of arsenite, two reactions can take 
place, the desired reaction which is the oxidation of arsenite to 
arsenate, and the formation of IO;~ and I~ which will lead to an 
erroneous result. In alkaline solutions, up to a pH of 10, this 
second reaction takes place to a negligil.'e extent, but at higher 
pH’s the error becomes serious, though it can be minimized by 
adequate swirling, at least up to a pH of 11. 

These conclusions are based upon a consideration of the reac- 
tions that can occur under various conditions, together with a 
detailed discussion of the equilibria that are involved. McAl- 
pine’s treatment is detailed, though quite clear and under- 
standable to the careful reader. 


Questions: 


Show that iodine can be standardized against arsenic trioxide 
if the pH of the reaction mixture is properly controlled. 

Is it true that IO~- will disproportionate and that this dis- 
proportionation will lead to erroneous results in strongly alkaline 
solutions? 

In some cases, as described by McAlpine, the blue color (with 
starch indicator) which appears at the end point slowly fades 
away. Account for this decolorization and verify your explana- 
tion by further experimental work. 

Under what conditions can iodine be oxidized by the oxygen in 
the air to IO;~? 

Is it true that at higher concentrations of I-, the error due to 
the formation of IO;~ is reduced? 

McAlpine describes a simple, effective procedure which demon- 
strates that NH,* is an acid. What other evidence can you find, 
from the results of your laboratory work, which indicates that 
this ion is acidic? 


Tris(hydroxymethyl)aminomethane as a Titrimetric Standard 


See WuitTeHeEaD, T. H., J. Chem. Educ., 36, 297 (1959). 


Like other amines, tris(hydroxymethy])aminomethane, (CH:2- 
OH);CNHz, is a base. It can be used as a titrimetric standard in 
place of sodium carbonate. It is commercially available in pure 
form. 


Questions: 


The ideal titrimetric standard possesses certain properties. 
Identify these and determine that tris(hydroxymethy])amino- 
methane does or does not possess these properties to a sufficient 
degree to warrant its use as a titrimetric standard. 


From your laboratory work, show that tris(hydroxymethyl)- 
aminomethane is or is not to be preferred to sodium carbonate as 
a titrimetric standard. 

What other basic reagents might be suitable as titrimetric 
standards, in addition to sodium carbonate and tris(hydroxy- 
methy] )aminomethane? 

In addition to the indicators specifically mentioned by Pro- 
fessor Whitehead, can you suggest from your laboratory work 
any other suitable indicators when using tris(hydroxymethy])- 
aminomethane to standardize an acid? 


Titrations with Vanadium(II) Solutions for Elementary Quantitative Analysis 


See Metres, L., J. Chem. Educ., 27, 458-9 (1950). 


Solutions of vanadium(II) ion can be reproducibly oxidized to 
the trivalent state and, therefore, used in reductimetric titrations 
with ions such as iron(III) and chromium(VI). Details are 
given in the article. Primarily, precautions to prevent the air 
oxidation of vanadium(II) are all that are required. This is 
readily accomplished since vanadium(III) is readily reduced by 
amalgamated zinc in acidic solution. Meites describes the 
procedures necessary, and another method by which the vana- 
dium solution to be reduced can be conveniently stored and 
dispensed directly into a buret is described by Martin, E. L., 
AND BENTLEY, K. E., J. Chem. Educ., 38, 264-5 (1961). 

In a titration with either iron(II) or chromium(VI), the end 
point is indicated by the use of thiocyanate ion. The color 
changes from red, due to the iron(III) thiocyanate complex, to 
green (or bluish-gray in the presence of chromium), the color of 
the vanadium(III) thiocyanate complex. 


Questions: 
Determine the concentration of iron(III) solutions by some 


other suitable method or by preparing such a solution from a 
known weight of iron that has been dissolved, as iron(III) ion, 
in a known volume of solution; compare this known concentra- 
tion with that which you determine by a reductimetric titration 
with vanadium(IT). 

Similarly, compare the known concentration of a chromium 
(VI) solution with the value determined from a reductimetric 
titration using vanadium(II). 

Can this reductimetric titration procedure be used to determine 
the concentration of other reducible ions, for example copper(II), 
titanium(IV), phosphorus(V), or manganese( VII)? 

Meites states that in the beginning of a titration, some vana- 
dium(II) is oxidized to an oxidation state higher than vanadium 
(III) but that these ions are later reduced to vanadium(III), so 
that, overall, only one electron is lost per vanadium(II) ion con- 
sumed in a titration. Can you confirm this statement? 

In strongly acidic solutions vanadium(II) will reduce hydrogen 
ions to elemental hydrogen. Can this fact be put to any prac- 
tical analytical use? 
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The vitamin C content of several different vegetables and 
some fruits were determined. The results were found to vary 
widely, depending upon the variety, the stage of development 
when harvested, the time and conditions of storage, and other 
factors. Tillman’s method for determining the ascorbic acid 
content was used. In this procedure, treatment with sulfuric 
and metaphosphoric acids formed a complex with the metal ions, 
inactivated ascorbic acid oxidase, and precipitated the proteins 
that were present. The aqueous solution was titrated with 2,6- 
dichlorophenol indophenol solution which was standardized 
against pure ascorbic acid. For an alternative iodimetric method 
see Moore, C. E., J. Chem. Educ., 25, 671 (1948), anp GILKEY, 
W. A., J. Chem. Educ., 24, 458 and 468 (1947). 


Questions: 


Is it true that the vitamin C content of a vegetable or fruit 
is reduced by cooking the vegetable? 


The Chemistry of Flower Color Variation 
See GetssMAN, T. A., J. Chem. Educ., 26, 657-65 (1949). 


In this article Geissman reviews the current views on the 
synthesis of the colored pigments present in flowers and shows 
that these suggestions are not inconsistent with information 
obtained from genetic studies of the same plants. The com- 
pounds responsible for the colors of some flowers are named in 


The Vitamin C Content of Fruits and Vegetables 
See BuRRELL, R. C., AND Esriaut, V. R., J. Chem. Educ., 17, 180-2 (1940). 


Under what conditions of storage can the loss of vitamin C 
during storage be minimized? 

Show that the vitamin C content of a selected fruit or vegetable 
depends upon several factors, such as those mentioned above, or 
upon other factors such as climatic conditions during growth of 
the parent plant and maturation of the fruit or vegetable, the 
condition of the soil, the use of fertilizers, and other similar 
factors. 

If time and available facilities permit, grow a vegetable or 
fruit (quickly grown vegetables, such as lettuce, onions, turnip 
greens, or dandelion greens are suggested) and determine which 
variables that affect the vitamin C content of the harvested 
vegetable can be easily controlled. 

What other biochemically produced compounds can you isolate 
or identify in a selected fruit or vegetable? If quantitative 
analyses are possible, does the quantity of this compound show 
variations similar to those indicated for vitamin C? 


this article, but no experimental details describing their identi- 
fication are given. 
Question: 


Select any flower you wish and, using Geissman’s article 
asa starting point, identify the compound or compounds respon- 
sible for the color of the petals of the selected flower. 


The Growing of Tomatoes and Cucumbers Without Soil 


See Kessex, W. G., J. Chem. Educ., 22, 360-1 (1945). 


An introductory study of hydroponics is well suited for students 
who wish to undertake an interesting project which could even- 
tually lead to a mature, sophisticated study of biochemistry. 
The beginner’s requirements are simple: a water filled crock, a 
seedling, a few reagents, some simple accessory apparatus, 
and patience. This article discusses some of the important points 


- that would be involved in a serious study of hydroponic phe- 


nomena, but it will be necessary to consult other references as well. 
The “Encyclopaedia Britannica”’ has more than one article on this 
subject, and also cites several excellent additional references. 


Questions: 
Determine the optimum composition of the aqueous media 


used in the hydroponic culture of any plant you select. Does 
this optimum composition vary as the temperature, humidity, or 
other conditions are varied? 

What are the essential inorganic requirements of any plant 
you choose to study? Can any one of these substances be re- 
placed by two or more other substances? 


What inorganic or organic compounds are inimical to a plant 
you select for study, and how can the adverse effects of such 
agents be minimized? Explain the results you obtain, and test 
your explanation by further experimentation. 


How does a plant assimilate nutrients through the membrane 
covering its roots? Test your explanation by further study. 


Transformation of Organic Compounds by Microorganisms 


See Pertman, D., J. Chem. Educ., 36, 60-3 (1959). 


The best known chemical reaction commonly attributed to 
microorganisms is the fermentation of sugars to ethyl alcohol, 
though this is by no means a unique phenomenon. The prepara- 
tion of sauerkraut from cabbage, of silage for animal feed, of 
cheeses from milk, are other common examples. But in addition 
to these, the production of large, industrial quantities of many 
chemical reagents depends upon the action of microorganisms. 
For example, gluconic acid, sorbose, lysine, butanol, acetone, and 
citric acid have been or are now produced by microorganisms. 
Further, though not yet commercially exploited to a great extent, 
microorganisms can be used for other purposes such as the 
introduction of hydroxy] groups into a desired position on a large 
molecule, removal of hydrogen from selected positions, oxidation 
of a hydroxy] group to a ketone, and many others. 

Similar information, though less up to date, can also be found 
in Dunn, C. G., J. Chem. Educ., 19, 387-92 (1942). 

Neither article gives sufficient detail for students to use directly 
in their studies of microorganisms as chemical agents. Some 
supplemental reading in other sources and some preliminary 
laboratory studies will be necessary. 
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A few of the microorganisms that can be used as chemical 
agents are pathogenic. Therefore, the supervision of a competent 
biologist during the planning stages and during laboratory work 
periods is desirable. A simple device for pipetting pathogenic 
organisms is described by Guosu, D., J. Chem. Educ., 36, 76 
(1959). 

A differential fermentograph, which may be useful in some 
investigations, is described by Borzan1, W., AND Varro, M. L. R., 
J. Chem. Educ., 36, 242 (1959). 


Question: 


Show that an organic compound, which you select, can be 
produced by a microorganism, that an organic compound pro- 
duced by a microorganism can be used as an intermediate in the 
synthesis of another organic compound, or that an oxidation, 
deamination, demethylation, or other type of reaction can’ be 
controlled by the use of a suitable microorganism. Determine 
that a pure strain of the microorganism you use is, or is not, 
necessary for your purposes. Determine the optimum conditions 
for the microbial activity you desire to encourage. 
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In the hands of a master machinist, the most accurate 
micrometer made can measure down to the ten-thou- 
sandth of an inch. With even greater precision, the most 
accurate reagents made—reagents by B&A—hold many 
impurities down to ten-thousandths of a percent. And this 
remarkably precise limiting of tolerances is characteristic 
of all B&A reagents. Every batch meets exacting prede- 
termined specifications. They meet or exceed A.C.S. 


hemical 


tolerances? 


specifications where these exist. Where no A.C.S. stand- 
ards have been set, they must meet our own equally strict 
specifications. 

Since 1882, B& A has been setting the pace in chemical 
purity and is today the leading supplier of high-purity 
reagents. You can always count on B&A to meet all your 
reagent specifications—including prompt delivery from 
a nationwide network of shipping points. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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ELECTRIC MORTAR 


WONDER 


END MIXING—GRINDING DRUDGERY 


Using Plastic, Metal or Agate Vials the Wig-L-Bug will be- 
come indispensable to you as it has already in hundreds of lab- 


‘oratories in this country and dozens of countries abroad. Use 


plastic vials for mixing powders or preparing mulls with 
mineral oil. For grinding hard materials use the hardened tool 


For preparing KBr pellets use stainless steel or agate vials. 
Invaluable in the fields of X-Ray Diffraction, Emission Spectro- 
graphic Analysis, X-Ray Spectroscopy, Infra-Red Spectros- 
copy, Metallurgy, Geology, Oil Research, Aluminum Manu- 
facture, Chemical, Paint and Color Analy sis, Ceramics, Foods, 


steel or agate vial. With these you can obtain 200 mesh ma- 


terials in 2-3 minutes. 


Agriculture. 


HEAVY DUTY #+6—FOR YOUR MIXING 
soos AND GRINDING PROBLEMS 


in the Field of Powder Metallurgy 
—Cerami Ra: 


A HIGH SPEED MIXER GRINDER, 
small illustrated 


and X-ray spe spectoegrepnte laboratories this in- 
strument is ideal for mi grin 
and standards. Not only 
Pesti 


—. as consistency in particle size is attained 


re H. i “Split Phase Motor complete with 1 hr. timer 
and special adapters and ogy § to hold Plastic, Carbide 
or Stainless Steel Capsules & Pestles. Approximate 


type bearing retainer for longer running inter- 
vals as at $15.00 additional. FOB factory. 
ACCESSORI R NO. 6 include Plastic Balls & Vials 
60 ml) metallic contamination. 
tainless Steel Vials 6 ml or 10 ml and Rod Pestles or 
Ball Pestles. Tungsten Carbide 6 ml and 25 ml Vials 
and Rod or Ball Pestle. \ 


5A—Wonder Electric Mortar—the action is 
reciprocating in the form of a figure 8 
swung through a 6 46° arc at 3200 RPM, 
the ball pestle then strikes the end of 
the vial some 2000 times in ten seconds. 
Can be run continuously for 5 minutes 
(and this depends on the load) with a 
Test period between the 5 minutes to 
cool the motor completely. 


For literature and 


details write to: 


3A—Model with Fan and 1 hour timer—same 
type of motor and action as 5A Model 
but this 3A can be run for 20-30 minutes 
with cooling off periods between to cool 
the motor. 


ACCESSORIES FOR 5A 
OR 3A WIG-L-BUGS 


3113 Adapter, for 4” dia. x 1” long 
Mire Vial, 4%” x 1” polystyrene with 
3113 Ball-pestle, clear plexiglas, 4” 
3115 Adapter for 44” dia. x 2” long 
3116 Vial, 4%” x 2” polystyrene with 


cap. 

3113 Adapter for 44” dia. x 1” long 
vials. 

with ball-pestle yy" 

3117 Vial, tool steel “(hardened) Ky’ 
x 1” with steel ball-pestle 4” dia. 
3118 Vial, agate °/1e” dia. x 15/16” 
long 2 ml capacity with agate ball- 
pestle \%” dia. (Requires 3115 
adapter). 


THE WIG-L-BUG HAS REV- 
OLUTIONIZED MIXING & 
GRINDING PROCEDURES- 
A TREMENDOUS TIME 
SAVER, CONSISTENTLY 
UNIFORM RESULTS. AN 
INDISPENSABLE LABO- 
RATORY MORTAR MIXER 


CRESCENT DENTAL MANUFACTURING CO. 


1837 So. Pulaski Road * 


Chicago 23, Ill. 
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For pulverizing, grind- 
sting laboratory samples 
weight 4 $300.00 (No Accessorie ed). 


Modernize 
HOT PLATE MAGNETIC STIRRER 
Combines an electric hot plate 
: and magnetic stirrer which can 
te independently or simul 
ctro- operate independently or simul- 
tros- taneously. Variable speed stirring 
~<a is powerful enough to stir 250 ml 
oods, beaker of pure glycerin. Heat con- 
trolled thermostatically. Top plate b 
is 7%” of cast aluminum. 
CYLINDRICAL OVEN 
MOLECULAR MODELS econom- 
ical, three-shelved oven for 
can be quickly hand assembled without special tools 
for three-dimensional study of stereochemical and zation or baking. Precise 
conformational factors and reaction mechanisms. control of temperatures 
Designed to overcome many shortcomings of earlier from 37° to 200°C, with var- 
model systems, they iations as slight as 0.25° 
@ are made up of accurate bond lengths (1A=5 sensed by built-in thermo- 
cm). regulator. Chamber dimen- 
@ present precise angles of distortion (to 30°). sions are 14%” diameter, 
& e can be locked or left free to rotate under stress. 11%” depth. Specify either CENCO-LERNER 
. e return perfectly to a preset angle. 115 or 230 volts. LAB JACK 
) No. 95051........ $201.75 This precise, utility sup- 
g The stereochemist can now directly predict inter- port quickly adjusts 
h atomic distances and bond angle distortion using th i iiteaiasiiaatiaadin 
these true-to-scale models. 
of seven inches and will 
, Polyvalent atoms are colored neoprene balls with support 100 pounds. Par- 
3 threaded aluminum inserts placed at the theoretical ticularly useful for support- 
” bond angles. Monovalent atoms are polystyrene with beth 
1 the appropriate bond permanently attached. The 
-bonds themselves may be disassembled and rebuilt and for accurate position- 
— with other lengths to provide different scale factors. ing of ground glass joints. ; 
A removable auxiliary plat- 
q The complete No. 71306 form, eight inches io 
; contains 55 monovalent increases work area. Comes 
: atoms, 59 polyvalent with 17%” support rod. 
atoms, 70 bonds and No. 19089.......... $38.75 
: fittings plus extra parts, 
allin a partitioned metal For further information on Cenco’s complete line of laboratory 
case. Send for Booklet equipment, teaching aids and scientific apparatus, contact your 
ims 315 for detailed informa- nearest Cenco salesman, or write. 
tion. $295.00 
omerville, 4 ron. 
CENTRAL SCIENTIFIC (! () Ala. Onewe ont 
[; (! || F () A Division of Cenco Instruments Corporation Cenco $.A., Breda, The Netherlands Tulsa 
J 1700 Irving Park Road « Chicago 13, Illinois 
ee” ae a Mountainside, N. J. Montreal Santa Clara CENTRAL SCIENTIFIC 
Somerville, Mass. Toronto Los Angeles Quali A Division of Cenco Instruments Corporation 
Birmingham, Ala. Ottawa Vancouver Houston since 1889 
a Cenco S.A., Breda, The Netherlands Tulsa 
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NEW, IMPROVED 
MODEL 


casoraTorY GOGGLES. 


Not a luxury .. . A NECESSITY! 


IN LABORATORY, MACHINE & WOOD SHOP 


Meets Federal specifications for optical 
quality and impact resistance. 


- Meets specifications as prescribed in the Purchase Guide 

for Programs in Science, prepared by the Council of Chief 

State Officers, with the assistance of Fducational Facilities 
Laboratories, Inc., as prescribed in Section #1815. 


"Track Star's | 
and industrial laboratory. The answer to 


Eyes Burned 
thi blem is SAFETY GOGGLES COMPUL- . 
Sony Fon EMERY ONE PERFORMING AN In Accident 


What is eyesight worth? 


Flying glass and chemicals are an ever- 
present danger in every school, college 


EXPERIMENT™... specifically Kern Lab- SEPULVEDA—In an 
oratory & Shop Goggles because they are tory at ‘jen emistry labora. 
designed with the student in mind to 
give complete protection... in machine 
and wood shop, too! Fit with face-hug- 
ging firmness, slip on easily, one size fits 
anyone ...and they’re attractive, too! 


He Struck Test T 
Check these features... tHe vou sais ne too 
ose to a test tube 
Optical quality, crystal-clear heating an acid. and 
Thick impact resistant lense up his nose, went 


He m 

Wide viewing surface te fumes. aways 
Held securely by adjustable band the ftuid went 
e Air cooled thru “fog free” inverted | His right eve, face, ana 


vent apertures 
(Lets in air, keeps out chemicals) 


e Will accommodate eye-glasses 
¢ Light weight, attractive 


$1.29 each 
Catalog No. K-9090 


in lots of 72 or more 


$1.19 each 


Individually packaged for 
protection in storage 


ALL these many features at this 
low, unprecedented price! 


Send for catalog depicting the new, complete line of 
Kern Microscopes priced complete from $12.50 to $435 


KERN CHEMICAL CORPORATION 


Laboratory Supply Division 
P.O. Box 18765, Los Angeles 18, Calif. 


phone 
REpublic 
1-9346 
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ALUMINUM COMPANY OF AMERICA 


ALCOA 
INFORMATIONAL 
AIDS 


@ GENERAL INTEREST FILMS 
@ HOW-TO-DO-IT LITERATURE 
@ GENERAL AND DESIGN LITERATURE 


ALUMINUM COMPANY OF AMERICA 
Motion Picture-Educational Dept. 
862-K Alcoa Building 

Pittsburgh 19, Pa. 


Gentlemen: 


Please send your free Alcoa /nformational Aids 
booklet to: 


Street 


City 


Zone___ State 


. precious, On call for your needs 
Al ht 1 
PONS 
ccuno KERN 
@ HOW-T0-DO-IT FILMS 
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research? development? production? 


Which area is best for a student’s chemical career? 


Has the student the ‘‘creative curiosity’’ required by research? Does the 
development of ideas into products fascinate him? Or is he the kind of man 2 
who enjoys the immediate, tangible results of production? 


It’s not always easy to guide a graduating chemist or engineer into the 
work area best suited to his talents and inclinations. 


Allied Chemical makes every effort to see that new employees 

get into the kind of work that suits them best and interests them most. 
Our extensive facilities help us here: 12 research and development 
centers . . . over 100 plants throughout the country ... . more than 3,000 
diversified products—chemicals, plastics, fibers. 


Since Allied offers such a breadth and variety of opportunity, 

students can get valuable aid in their career planning by meeting with 
our campus recruiters or by reading the brochure, ‘‘Your Future in 
Allied Chemical.” If copies are not presently on hand in your office, 
they may be obtained by writing to: Director of Placement, 

Allied Chemical Corporation, 61 Broadway, New York 6, New York. 


DIVISIONS: 


BARRETT * GENERAL CHEMICAL 
INTERNATIONAL 
hemical z NATIONAL ANILINE * NITROGEN 
PLASTICS * SEMET-SOLVAY 


BASIC TO AMERICA’S PROGRESS | SOLVAY PROCESS 
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Welch 


HIGH VACUUM Duo-Seal 
Mechanical and Diffusion Pump 


* HIGH VACUUM-0.001 Micron GUARANTEED 
(0.000 001 mm Hg) 


* CAPACITY AT 0.1 MICRON-600 Liters Per Minute 
* MATCHED PERFORMANCE 


EACH ELEMENT WITH TWO-STAGE CONSTRUCTION 


WATER-COOLED OR AIR-COOLED MODELS 


e ECONOMICAL TO RUN AND MAINTAIN 
@ QUIET OPERATION 


Complete 
with Motor 


No. 1392 Patent No. 
2337849 


pump unit, employing a two-stage mechani pump j iter er 
and an unbreakable, all-metal diffusion pump. The two ly 
components are properly matched as to performance and submit full details describing the 
together will produce a vacuum of better than 10-* mm : : g 
without the use of cold traps. Complete with oil for best combination for your particular 


both pumping elements. application 
1392. MECHANICAL AND DIFFUSION PUMP, Water- 1391. DIFFUSION PUMP, Only, Water Cooled, With 
Cooled Octoil. Each, $160.00 
For 115 Volts, 60 Cycles, A.C. Each, $300.00 1394. DIFFUSION PUMP, Only, Air Cooled, With 
1392A. MECHANICAL AND DIFFUSION PUMP, Getem. Each, $160.00 

Air Cooled. 1398. MOUNTING PARTS. 

For 115 volts, 60 Cycles, A.C. Each, $300.00 For mounting No. 1391 or No. 1394 Diffusion Pom on 
For attached Belt Guard, add $15.00 to above prices. base of mechanical pump. t, $3.00 


THE WELCH SCIENTIFIC COMPANY 


ESTABLISHED 
1515 SEDGWICK STREET, DEPT. D, CHICAGO 10, ILLINOIS, U.S.A. 


Manufacturers of Scientific Instruments and Laboratory Apparatus 
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EDITORIALLY SPEAKING 


Eprtor’s Norte: It is most appropriate for this page to remind readers of significant chemi- 
cal anniversaries. Sesquicentennials are relatively few. 1961 is such a year for the famous 
but long-neglected proposal by Avogadro. At the editor’s request, Professor Aaron J. Ihde, a 
member of the Editoral Board, has prepared the following remarks. We commend them to 
readers of this page as an excellent example of how a historical perspective can help clarify the 


view of the future. 


developments in the history of 
science are sufficiently noteworthy that they deserve 
periodic reexamination. Avogadro’s hypothesis, pub- 
lished in 1811, issuchacase. On this 150th anniversary 
of the occasion we are all aware that chemistry has 
progressed far since the Italian lawyer made his sug- 
gestions. Some of this progress can certainly be 
credited to application of the hypothesis. Yet we often 
forget that the hypothesis, for all of its fruitfulness, was 
virtually ignored for 50 years—and that this 50 years 
was an extremely chaotic one in chemistry. How can 
such an important tool be overlooked for such a lengthy 
period? And are we today overlooking concepts which 
are equally important to our present day problems? 

The atomic theory was introduced to the chemical 
world in 1808 with the publication of Dalton’s ‘““New 
System of Chemical Philosophy.” Gay-Lussac’s paper 
leading to the Law of Combining Volumes, published 
in 1809, should have served to strengthen atomic 
concepts, but rather it raised new questions which 
failed to correlate with experimental observations. 
Dalton could never agree that the Gay-Lussac whole- 
number ratios in gaseous reactions were more than 
fortuitous; nay, he even argued that Gay-Lussac’s 
figures were in error. 

Avogadro recognized that Dalton’s theory and Gay- 
Lussac’s law might be reconciled if the molecules of 
elemental gases were treated as polyatomic. In his 
paper, published in the Annales de chimie et de physique, 
he showed that theory and experiment were in agree- 
ment if molecules of hydrogen, nitrogen, and oxygen 
were treated as diatomic. However, as often happens 
in science, other knowledge shows that a proposed hy- 
pothesis cannot be accepted. Had electrochemistry 
not been a red-hot subject at the moment, Avogadro’s 
hypothesis might have found a more sympathetic fol- 
lowing. The belief that chemical affinities must be 


electrical appeared to rule out the idea of atoms with 
like polarities existing in stable diatomic molecules. 
Without the support of Dalton, Davy, and Berzelius, 
Avogadro’s hypothesis was doomed to neglect. Even 
the independent reintroduction of the idea by Ampére 
in 1814 could not gain for the hypothesis a sympathet- 
ic reexamination. 

It is frequently alleged that the hypothesis failed to 
gain acceptance because Avogadro’s paper was highly 
mathematical and otherwise ambiguous. Anyone who 
will consult the readily available Alembic Club Reprint 
No. 4 containing Avogadro’s paper will see that this 
explanation is invalid. The failure lies rather in the 
generally confused state of chemistry in the first half 
of the 19th century. A discipline with growing pains 
is sure to ignore useful concepts which appear before 
their significance is obvious. One can think of Semmel- 
weiss and his ideas on contagion, of Mendel and his 
studies on inheritance. Possibly nuclear science, with 
its 30-odd sub-atomic particles, is today in its messy 
state because the “‘Avogadro’s hypothesis” which will 
clarify it is being ignored. 

It is also of interest to recall that the revival of 
Avogadro’s hypothesis came about as the consequence 
of a chemistry teacher’s difficulty in making his subject 
comprehensible to his students. In searching for a 
unifying principle, Cannizzaro recognized it in 1858 
in his countryman’s forgotten hypothesis. His class- 
room success in use of the hypothesis gave him the 
courage to appear before the Karlsruhe Congress to 
advocate application of the hypothesis to those prob- 
lems which had kept chemistry in a state of confusion. 
In an era when it is fashionable to believe that all 
progress is made through single-minded attention to 
experimental research, we may pause to reflect that 
those who seek to clarify the teaching of chemistry can 
also make important contributions. 


Aaron J. InDE 
University or Wisconsin, M aDIson 
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H. Tracy Hall 
Brigham Young University 
Provo, Utah 


: = since Antoine Lavoisier in 1792 
and Smithson Tenet in 1797 demonstrated that diamond 
and graphite are allotropic forms of carbon, man has 
been interested in converting the relatively abundant 
graphite into the much rarer diamond. Success in this 


endeavor, however, has only been achieved in recent 


years, and tiny crystals about '/1>) mm average diameter, 
valued at about $6000 per pound, are being quantity 
produced in direct competition with natural diamonds. 
These diamonds are used primarily in diamond grind- 
ing wheels. 


RIGHT SIDE VIEW. 


os! 


FRONT VIEW. 


Figure 1. Orthographic projections of diamond space lattice. For aid in 
visualization, the hexagonal rings of layer A are outlined with solid lines in 
the top view. Layer B hexagons are outlined by dashes, and layer C hex- 
agons with dots. 


Crystal Structure Information 


The differences between graphite and diamond at the 
atomic level were not known until after X-ray dif- 
fraction techniques for the elucidation of crystal struc- 
tures were developed during the 1910-20 decade. 
Diamond, one of the earliest crystals studied, was shown 
to consist of carbon atoms arranged in puckered, 
hexagonal rings lying approximately in the 111 crystal- 
lographic plane. (This is the natural cleavage plane 
of diamond.) These sheets of hexagonal, puckered 
rings are stacked one above the other in sequences 
such that atoms in every fourth plane duplicate the 
position of atoms in the first. By analogy to closest 
packings, this sequence is designated . . . abeabc ... . In 
this structure every carbon atom is surrounded by 
four other carbon atoms equidistant from the central 
carbon atom at angles of 109°28’ (the tetrahedral angle) 
from each other (see Fig. 1). 

The arrangement of atoms in crystals of graphite is 
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similar to that of diamond in that it consists of a 
parallel stacking of layers comprised of carbon atoms 
forming hexagonal rings. The hexagonal rings in 
graphite, however, are probably only very slightly 
puckered. The classical graphite structure indicates 
an...abab... stacking sequence for the layers (atoms 
in alternate layers occupy equivalent positions). 
According to some interpretations of the electron 
diffraction patterns given by graphite, the... abc- 
abe... configuration (Fig. 2) is present to an appre- 
ciable extent in graphite, (1, 2). As with diamond, the 
cleavage plane is parallel to the stacked layers. How- 
ever, graphite is cleaved with extreme ease compared to 
diamond. 

In diamond, all distances between atoms are 1.54 A. 
In graphite, the inter-atomic distances within a layer 
are all equal (1.42 A). Individual planes in the graph- 
ite lattice, however, are spaced far apart (3.37 A). 
This immediately suggests that the bonding within the 
planes is different from the bonding between atoms of 
neighboring planes. It is thought that the bonding 
between planes in the graphite crystal is of the van der 
Waals type. 

Although the accepted ideas of the crystal structure 
for diamond have not changed since the earliest de- 
termination, there have been periodic questions 
concerning details of the crystal structure of graphite, 
and these questions continue to the present day. 
There is no doubt, however, that the essential features 
of graphite are those of approximate hexagonal rings 
of carbon atoms arranged in layers separated a con- 
siderable distance apart relative to the distance between 
adjacent carbon atoms in the hexagonal rings. 

To further characterize the differences on the atomic 
scale between graphite and diamond, it is necessary to 
look into the nature of the bonding between atoms. 
In diamond, the bonding is predominantly covalent in 


The cover 


The photomicro- 
graph on the cover 
shows a collection of 
diamonds synthesized 
by the author at Brig- 
ham Young Univer- 
sity. An idea of their 
actual size can be 
established by noting 
that ‘the vertical di- 
mension of the largest crystal (the upper right) in the photo- 
graph here reproduced is approximately 0.2 mm. 

It is difficult to take still photographs of diamonds. The bril- 
liance is observed best when either the diamond, the light 
source, or the camera is in motion. 
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nature and is due to the formation of sp* hybrid bonds. 
All bonds within diamond are equivalent and are 
“aliphatic” in character. The bonds between carbon 
atoms in the hexagonal rings in graphite apparently 
have some double bond character. Therefore, the 
entire layer or sheet consists of a giant, two-dimen- 
sional resonating molecule—a molecule that is some- 
what ‘“‘aromatic”’ in character (3, 4). 

Because of the similarities in crystal structures, a 
cursory examination might lead to the conclusion that 
graphite could be converted to diamond by brute force; 
i.e., by applying sufficient pressure, the bonds between 


TOP VIEW. 


hand, if AF is positive, the reaction has thermody- 
namic permission to proceed in the opposite direction; 
ie., the products (as the reaction is written) will 
proceed to transform into the reactants. Under 
conditions where AF is zero, a stalemate (equilibrium) 
exists and there is no net tendency for the reaction to 
proceed in either direction. 

Thermodynamics does not give any information 
about the time required for a reaction to take place. 
The AF may, in many instances, have a large negative 
value, yet the reaction is found to proceed at an imper- 
ceptible rate. An oft quoted example of this situation 

is the bulb containing a mixture 


of hydrogen and oxygen gases. 


For the reaction, H, + '/2 Oz 
= H,0(g), the standard change 
in free energy is —55,600 cal. 
Nevertheless, the bulb may be 


kept for many years without de- 


tecting the formation of any 


water vapor. 


CLEAVAGE PLANE. 


FRONT VIEW 


Figure 2. Orthographic projections of rhombohedral graphite space lattice. 


that used in Figure 1. 


graphite layers would be shortened the proper amount 
and the hexagonal carbon rings would be forced to 
“pucker,” the whole process causing the atoms to 
conform to the diamond crystal lattice. The years 
have shown, however, that there are some complicating 
factors in this direct conversion of graphite to diamond. 


Thermodynamics and Kinetics of Conversion 


A modern day chemist knows that he must be con- 
cerned with two problems whenever he wants to bring 
about a chemical change. (A change from one poly- 
morphic form to another may be regarded as a type of 
chemical change.) He must first consider the thermo- 
dynamic problem and second, the chemical kinetic or 
reaction rate problem. Chemical thermodynamics is 
concerned with the relative energies of the reactants 
and the products of a chemical reaction. Under condi- 
tions where the free energy of the reactant(s) F, 
is greater than the free energy of the product(s) F,, 
the relative energy F, — F, = AF is negative and the 
reaction has thermodynamic permission to proceed 
toward formation of the products. In the case at 
hand, the reactant is simply graphite and the product 


is diamond:  Cerapnite = Caiamonae On the other 


Co 


RIGHT SIDE VIEW. 


UNIT CELL DIMENSIONS. 


It is the business of chemical 
kinetics to deal with the rates of 
chemical reactions. For this 
purpose theories and techniques 
for understanding the atomic 
and molecular processes (reaction 


sara _| 


a= 2-468 
#264 mechanisms) taking place in 
Coz torn A chemical reactions have been de- 


veloped. Application of the 
theory, coupled with appropriate 
experiments, often points the way 
toward finding means of increas- 
_ing or decreasing the rate of a 


Scale is the same as 
given reaction. 


Favorable Negative AF as Pressure Increases 


For the reaction Cgraphite Caiamona, AF? = +692 
cal/g-atom at 25°C and 1 atmosphere pressure (4). 
This AF° is not obtained by direct measurement but, 
as is the case with most thermochemical data, is calcu- 
lated from measurements of heats of combustion, 
specific heats, compressibilities, thermal expansions, 
etc. The positive AF° indicates that diamond is 
thermodynamically unstable with respect to graphite. 
However, diamonds have not been known to transform 
into graphite by any observable amount over periods 
of hundreds of years under ordinary conditions. The 
rate of reaction (conversion) must, therefore, be ex- 
tremely slow. Increased temperature will accelerate 
most reactions and this is also true for the conversion 
of diamond to graphite. This transformation begins 
to proceed at an observable rate at a temperature in 
the neighborhood of 1200°C at latm. At this pressure 
and temperature AF® has increased to about +2400 
cal indicating that higher temperatures decrease the 
thermodynamic stability of diamond. The AF® for 
the graphite-diamond transition assumes its lowest 
value at the the absolute zero of temperature 


AF,° = +580 cal/g-atom at 1 atmosphere 
In order to bring the graphite-diamond reaction into 
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a region where AF°® is negative, it is necessary to apply 
pressure. The pressure required depends on the 
temperature—the higher the temperature, the greater 
must be the pressure. 
Equilibrium is established when the free energy 
difference between the two allotropes is zero, i.e., 
AF = AH — TAS = 0 


The manner in which AF varies with pressure at a 
given temperature is given by 


or by 
AFr? — AFr° = aVvaP 
0 
where AV is a function of both T and P. From these 


expressions the free energy difference at any pressure 
and temperature may be expressed as 


AFr? = AHr® — TASr®? + avaP 
0 


Data is available for evaluating AH,;° and AS,° 


to 1200°K. Evaluation of the integral, however, - 


involves some reasonable approximations. For addi- 
tional details, the reader is referred to Berman and 
Simon (64). 

A graph showing the approximate pressure-tempera- 
ture relationship is shown in Figure 3. The line repre- 
sents the pressure and corresponding temperature for 
which AF° = 0. Above the line AF® is negative 
and diamond is the stable carbon allotrope. Con- 
versely, graphite is stable in the positive AF° region 
below the line. 

Graphite, subjected to P-T conditions above the 
line, should transform to diamond. Graphite has 
been subjected to conditions lying approximately below 
the solid line of Figure 4. Although part of this 
area overlaps the diamond stable region, diamond has 
not yet been observed to form directly from graphite 
under these conditions. Since the thermodynamic 
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Figure 3. The graphite-diamond equilibrium curve [after Berman and 
Simon (5)]. 
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Figure 4. The approximate pressure-temperature conditions to which 
graphite has been subjected (area below the solid line). 


criteria for formation of diamond have been met, it 
must be concluded that kinetic considerations are 
controlling and are preventing the transformation from 
occurring in any practical length of time. 


Less Favorable Rate as Pressure Increases 


Increased temperature might ultimately increase the 
rate of transformation to a practical value, but in- 
creased temperature (to stay within the diamond stable 
region) calls for an increase in pressure beyond the 
range of the high pressure devices currently available.! 
At this impasse an investigation of the rate process is 
enlightening. Although diamonds cannot yet be made 
by direct conversion from graphite, graphite can easily 
be made from diamond. Studies of this reverse trans- 
formation under high-pressure, high-temperature con- 
ditions can give information concerning the reaction 
mechanism. 

Experiment shows that high pressure retards the 
rate of transformation of diamond to graphite. The 
theory of absolute reaction rates indicates for such a 
situation (6) that 
AV*P 

RT 
where AV* is the molar difference in volume between 
diamond and the activated complex (the intermediate 
state or transition state), P is the applied pressure, 7 
is the temperature, and R is the molar gas constant. 
Although available experimental data are somewhat 
erratic, a plot of log rate versus P leads to the inescap- 
able conclusion that AV* is at least 10 cc. Note that 
the molar volume of diamond is 3.42 ec, the molar 


log rate = constant — 


1 Note added in proof: P. S., anp J. C., 
Science, 133, 1821 (1961), have just reported the synthesis] of 
eight-micron-diameter diamonds directly from rhombohedral 
graphite by means of an explosive shock. Transient pressure was 
estimated to reach 300,000 atm. An estimate of the temperature 
achieved was not given. 
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volume of graphite 5.34 cc, and their difference in 
molar volume AV is only 1.92 ce. Obviously the 
transition state, with a molar volume V* of at least 
(10 + 3.42) ce is a very open or expanded structure. 
It is reasonable to assume that the transition state for 
graphite-diamond conversion is the same as for the 
formation of graphite from diamond. This being the 
case, there arises the very frustrating but extremely 
interesting situation that higher pressure leads to more 
favorable thermodynamics (a more negative AF) 
for the conversion of graphite to diamond, but, at the 
same time, leads to less favorable reaction kinetics 
since it suppresses the formation of the expanded 
activated complex. At the pressures and temperatures 
to which graphite has been subjected, to the present 
time, reaction kinetics apparently have the upper hand 
and prevent the synthesis of diamond directly from 
graphite in any practical period of time. Additional 
information concerning thermodynamics and reaction 
rates, as applied to high pressure reactions, is set forth 
in reference 7. 


Success: Graphite — Diamond 


From the above analysis it would seem desirable to 
take the graphite lattice apart atom by atom and 
build the atoms one at a time into the diamond lattice. 
This might be accomplished by means of a solvent. 
Conceivably the proper solvent would take carbon 
atoms from graphite into solution as individual entities 
which, under the influence of proper thermal and con- 
centration gradients would migrate through the solvent 
anc precipitate as diamond. Nature gives some clues 
as to possible solvents. Diamonds are found imbedded 
in ferro-magnesium silicates, from which they ap- 
parently crystallized, in the famous pipe mines of 
South Africa. A few diamonds have been found em- 
bedded in iron-nickel and in troilite (FeS) constituents 
of meteorites (8). 

My first synthesis of diamond was based on the idea 
that diamonds might be crystallized from troilite. 
On December 16, 1954, at the General Electric Research 
Laboratories in Schenectady, New York, I performed 
an experiment in the ‘Belt’ high pressure, high tem- 
perature apparatus with a cell arrangement as shown in 
Figure 5. 
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Figure 5. Cross-section of cell in which first diamonds were grown. 
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Figure 6. The “Belt” high-pressure, high-temperature apparatus, “ex- 
ploded” view. 


Figure 7. “Belt” apparatus. 


A brief diversion is necessary at this point to make a 
few comments concerning the apparatus. The “Belt” 
apparatus makes use of two opposing, conical pistons 
thrust into opposite ends of a symmetrical, tapered 
chamber (Figures 6,7). Relative motion of the pistons 
with respect to the chamber is afforded by a compress- 
ible gasket. The solid pressure transmitting material 
used in the device serves also as electrical and thermal 
insulation. The design allows pressures greater than 
100,000 atm to be continuously maintained simul- 
taneously with temperatures above 2500°C. (Tem- 
peratures estimated to be as high as 7000°K have been 
maintained for a few seconds.) Development of this 
device opened a large, hitherto inaccessible thermo- 
dynamic region to scientific exploration. The relative 
simplicity of the design has made it an extremely 
useful and practical tool. (The theory of its operation 
and details concerning use, design, and development are 
to be found in references 9, 10, 11, and 12.) 
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A second device (actually the first to be publicly 
disclosed) with the same pressure, temperature, and 
diamond synthesizing capabilities as the “Belt” was 
developed at Brigham Young University during 
1956-1957. It is called the ““Tetrahedral Anvil Press” 
and is currently finding considerable use as a research 
tool (13). 

In the December 16 diamond synthesis run, the 
tapered pistons of the “Belt” apparatus were forced 
into the loaded chamber by a 223,000-pound thrust 
delivered by a hydraulic press. After one minute the 
load was reduced to 186,000 pounds. An electric 
current (60-cycle, alternating) was then passed through 
the assembly via the tapered pistons. Current was 
gradually increased over a period of 6 minutes to a 


maximum value of 346 amps. The voltage drop across 


the pistons was 1.84 v corresponding to a power dissi- 
pation of 636 w. The temperature inside the graphite 
tube at this power level was approximately 1650°C. 
The pressure, at the time, was thought to have been 
in the neighborhood of 95,000 atmospheres. There has 
been some controversy over the calibration of high 
pressure apparatus recently, however, that would place 
the actual pressure as much as 20% below this figure. 
Even assuming the lower pressure value, however, the 
system was in a region of thermodynamic stability for 
diamond. Maximum temperature was maintained 
for about three minutes, after which it was lowered to 
room temperature in approximately five minutes. 
After the temperature had been lowered, 18 minutes 
were taken to reduce the pressure to 1 atm. 

When the cell was broken open, dozens of tiny 
transparent crystals were found near the tantalum disc 
at the top end of the cell. Subsequent chemical, 
physical, and X-ray examinations conducted during 
the course of the next few days conclusively proved that 
the material was diamond. Pictures of these diamonds 
are shown in Figure 8. A powder X-ray diffraction 
pattern is shown in Figure 9 where arrows point to the 
diamond lines. The extraneous diffraction lines were 
caused by the presence of graphite and tantalum car- 
bide. The “seed” diamond employed in this run was 
unchanged at the completion of the experiment. No 
new diamonds were found in its vicinity and subsequent 
runs without a diamond seed were successful. 


Figure 8. Photomicrograph of diamonds from the first successful experi- 
ment, Dec. 16, 1954. 
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During the period December 16 through December 
31, 1954, I performed 27 high pressure experiments 
similar to the successful December 16 experiment with 
some changes in the various experimental parameters. 
Diamonds were made in 12 of these runs. Since FeS 
was known to be a non-stoichiometric type compound, 
usually with excess iron (Fe,S where . > 1.00), pure 
iron was substituted for the FeS and diamonds were 
successfully grown in that solvent. Substitution of 
pure sulfur for FeS did not produce diamonds. Micro- 
scopic examination of the cell contents following a run 
with FeS or Fe disclosed that a black coating (removable 
by acid) covered the diamonds. Carbon atoms, de- 


rived from graphite or metallic carbides formed in the 


reaction mixture, apparently migrate through this 
film and precipitate as diamond. The film is probably 
iron. The tantalum (or more particularly tantalum 
carbide) which formed in the presence of carbon, 
seemed to aid diamond growth. 

Of practical importance in locating the correct tem- 
perature for diamond formation was my observation 
that onset of diamond growth was signalled by a drop 
in heating current through the sample and a corre- 
sponding rise in voltage across the sample. As heating 
power was controlled by a variable auto transformer, 
it was only necessary to increase the power output of 
the transformer until this phenomenon took place. 


Figure 9. X-ray diffraction. Powder photographs of some of the diamonds 
from the first successful synthesis experiment (CuKa radiation). Arrows 
point to the diamond lines. 


The power setting was then left unchanged for 2 or 3 
minutes until diamond growth was about complete. 

On December 31, 1954, Dr. H. Hugh Woodbury of 
the General Electric Laboratory duplicated my De- 
cember 16 run and thus, to our knowledge, became the 
first man to duplicate the diamond synthesis claim of 
another.’ 


2 At this point it was evident that a landmark in science had 
been reached. In reaching that landmark, I could take particu- 
lar satisfaction in the following key contributions: 

The design of the “Belt’’ apparatus that made experiments in 
the 100,000-atm, 2500°C-temperature range possible. 

The discovery of a suitable combination of pressure, tempera- 
ture, chemical ingredients, timing sequence, and cell arrangement 
for the synthesis of diamonds. It was extremely important that 
(a) the synthesis could be reproduced by myself and others; (5) 
diamond growth was very rapid; (c) diamond yields were signifi- 
cant—outstripping a million fold the concentration, relative to 
the growing matrix, of diamonds found in nature; (d) the dia- 
monds, though tiny (crystals with triangular faces up to 300 u on 
edge), could be observed with the unaided eye and were obtained 
in sufficient quantity to be “felt’’ and held in the hand. Items 
(b) and (c) above obviously foreshadowed the commercial 
production of diamond. 
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Simple substitution of other transition metals for 
iron subsequently showed that many of these elements 
were suitable solvents for the synthesis of diamond. 

By February 15, 1955, diamonds had been produced 
in about 100 separate runs in the General Electric 
Research Laboratory. On this date a press conference 
was held and the fact that diamonds had finally been 
made by man was announced to the world. However, 
details concerning the synthesis were not released. 
On October 22, 1957, the company announced that 
diamond production had successfully been carried 
through the pilot plant stage—more than 100,000 
carats (a carat = 0.200 gram) having been produced up 
to that time. Thus, less than three years following the 
successful conclusion of a 100-plus years’ search for a 
method to convert ordinary black carbon into diamond, 
man-made diamonds became a commercial product. 
Details of apparatus and methods of synthesis were 
finally released in the fall of 1959. 

Following the February 15, 1955, synthesis announce- 
ment by the General Electric Co., several claims to 
prior synthesis were voiced. Only one of these claims 
has appeared in a technical journal.. It appeared as an 
article entitled ‘Artificial Diamonds” by H. Liander 
in the ASEA (Allménna Svenska Elektriska Aktie- 
bolaget, Vasteras, Sweden) Journal for May-June of 
1955. The method of synthesis was not given but the 
statement was made that “ASEA produced its first 


diamonds on 15th February, 1953.’’ The experimental 
procedures used were disclosed in 1960 and were 
similar to those used at General Electric (1/4). 
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There have been numerous examples in 
the literature of the application of Raoult’s law to colli- 
gative property data to determine the molecular weight, 
or the apparent molecular weight, of the solute. In 
many cases the apparent molecular weight was found 
to be concentration dependent. Such a variation of 
the apparent molecular weight with the concentration 
may be an indication of solvation and/or association of 
the solute molecules, or it may be the result of non- 
ideality which cannot be described in such specific 
terms. It was the underlying assumption of the so- 
called “‘chemical’”’ theory of solutions as proposed and 
applied long ago by Dolezalek (1) that all non-ideal 
behavior of solutions can be described by the applica- 
tion of Raoult’s law when the proper solute species is 


This work was part of a project sponsored by the U. S. Army 
Research Office (Durham). 
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Solvation and Association from 
Colligative Properties by Graphical Means 


used. It is now recognized (2) that the ‘chemical’ 
picture is often inadequate because it does not properly 
take into account non-specific energies of interaction 
(i.e., interactions of the van der Waals type) and 
entropy effects caused by non-random mixing or 
differences in the molecular shapes and sizes of the 
components (2). For example, the separation of a 
mixture into two liquid phases cannot be explained in 
terms of an ideal mixture of solvent and a reasonable 
solute species, or mixture of solute species. Neverthe- 
less, the chemical picture should be a reasonable ap- 
proximation for systems in which the predominate 
interactions are those of a specific type, such as the 
Lewis acid-base interactions. 

Thus in some cases the chemical theory can be useful. 
One case, which will be mentioned only briefly here 
because data other than the colligative property data 
are required (cell voltages, for example) is that of the 
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complex hydrolysis equilibria of some metal ions in 
aqueous solutions (3). In these solutions the effect of 
ideal behavior is assumed to be achieved by the addi- 
tion of an inert electrolyte, such as sodium perchlorate, 
in sufficient quantity to maintain a constant ionic 
strength, which in turn, presumably, causes the activity 
coefficients to remain constant. 

In non-aqueous systems it is probably not possible to 
disentangle the effects of the non-ideal entropy of 
mixing and the non-specific interactions mentioned 
above on the one hand from the effects of a series of 
equilibria of solute-solvent and/or solute-solute com- 
plexing reactions on the other. Although equations 
have been derived for such cases (2, 4), results of their 
application to colligative property data do not lead to 
clear-cut conclusions about the formulas for the solute 
species (5). 

Because of the saturation nature of acid-base inter- 
actions one would expect that in many cases the solute 
should exist as a single solvated and/or associated 
species. In such cases it may be possible to determine 
the solute species from a colligative property even when 
there is some non-ideality caused by non-specific inter- 
actions. In this connection it is desirable to have a 
method which is free from preconceived notions 
concerning the solute species. Prejudice is obviously 
inherent in the frequently used method of trial and error 
by which one tries various possible formulas until a 
formula is found which leads to a molecular weight 
which appears not to be too concentration-dependent. 

It is the purpose of this paper to present some con- 
venient graphical methods for treating colligative 
property data to identify the solute species, provided 
the solute exists as a single species. 


Outline of the Methods and Examples 
Let the solute species be represented by the formula 


where k and are integers, but in what follows 


they will be treated as though they were continuous 
variables. The mole ratio, defined as the moles of 
free solvent B per mole of solute A,B,, is given by 


(Wk) 
(1) 


where J is the ratio of the total moles of solvent B, 
bound and unbound, to monomeric formula weights of 
solute A. @ is given in terms of colligative properties 
by Raoult’s law. 
Equation (1) can be rearranged for plotting in several 

different ways. For example, in the form 

l 0 

k E +1 (2) 
a plot of //k versus 1/k is a straight line with intercepts 
I and JI/6. The value of J depends on the composition 
of the solution only, and in terms of the molality, m, 
based on the monomeric solute, is given by 


I = 1000/mM, (3) 


where M, is the molecular weight of the solvent. I/@ 
is the ratio of the measured value of the colligative 
property to the ideal value based on the monomeric, 
unsolvated solute. For example, in terms of boiling- 
point elevation, freezing-point lowering or the practical 
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osmotic coefficient, respectively, 
1/6 = ATs/mKs = AT;/mKy; = ¢ (4) 


where K, and K, are the molal boiling-point and freez- 
ing-point constants. J/@ can also be interpreted as 
the monomeric formula weight of the solute divided by 
the apparent molecular weight calculated in the usual 
fashion. By using these intercepts it is easy to plot a 
family of lines, one line for each concentration and 
corresponding value of the colligative property. A 
single species is indicated if these lines have a common 
point of intersection, and the formula for the solute 
species is given by the values of //k and 1/k at the point 
of intersection. 
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aor Lines for the GaCl;-CH;Cl system from vapor pressures at 
—78.5°C. 


Examples of this type of plot are shown in Figures 
1, 2, and 3. The data for the methyl chloride-gallium 
trichloride system are those given by Brown, Eddy, 
and Wong (6). Their conclusion that the solute 


Figure 2. Lines for the All;-CH,;I system from vapor pressures at 0°C. 
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species in solution is CH;ClGaCl, is confirmed by Fig- 
ure 1. The lines in Figure 2 were obtained from the 
data given by Brown and Wallace (7). This figure 
shows agreement with the conclusion made by Brown 
and Wallace that these data indicate monomeric 
aluminum iodide. However, the belief expressed by 
Brown and Wallace that these data favor the existence 
of a 1:1 complex between solute and solvent is not 
confirmed by Figure 2. The lines for the benzene- 
aluminum bromide system were obtained from vapor 
pressures at 17.7° C (8). The unsolvated dimer Al,Bre, 
with perhaps slight dissociation, is indicated. 

Another interpretation of equation (1) or (2) is 
obtained by changing its form to 


@=kI-1 (5) 


and treating @ and J as variables with k and / constant. 
In this form all of the data for a given system lie on 
the same @ versus J curve. When the solute is a single 
species obeying Raoult’s law this curve is a straight 
line with a slope equal to k and a 6-intercept equal to 
—l. Plots of this type for the examples considered in 


—> 
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Figure 3. Lines for the AIBrs—CgHg system from vapor pressures at 17.7°C. 


the previous paragraph are shown in Figure 4. One 
disadvantage of this method as compared to the use of 
the family of lines is revealed by considering the case of 
the methyl iodide-aluminum iodide system. From 
Figure 4 one would probably conclude, in agreement 
with Brown, et al. that there is evidence for a 1:1 
complex. However, it is clear from Figure 2 that such 
a conclusion is not justified. Thus, although there is 
little to choose between the two methods with respect 
to ease of application, it would appear that the use of 
the family of lines is to be preferred, because they are 
less likely to lead one to unwarranted conclusions. 


A third variation of the treatment is to use equation 
(5) in the form 
l= kI (6) 


with J and @ treated as constants and / and k as vari- 
ables. This is essentially the same treatment as that 
described for equation (2). Although the graphs of 
equation (6) are easier to interpret than those of equa- 
tion (2), the graphs of the latter equation as illustrated 
by Figures 1-3 may be a little easier to construct. 
These examples illustrate what might be called a 
“valuable perspective” from which to view the problem 
of defining the solute species. Graphical methods can 
put colligative property data in a form which strongly 
suggests an appropriate formula for the solute. How- 
ever, it must always be borne in mind that any treat- 
ment such as this assumes the validity of Raoult’s law 
for the solute-solvent system. Consequently, the 
whole argument rests on the presupposition that an 
ideal solution exists. All of this may lead to strong 
evidence in favor of solute species postulated to agree 
with the colligative property data, but it is not proof. 
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Figure 4. Test of equation (5) for systems GaCl;—CH;Cl (@), All;-CHs! (O) 
and AIBrs—CeHe (A). 
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Chem Gem 


In J. Am. Chem. Soc., 70, 3509 (1948), the late Professor W. M. Latimer discussed an unusual 
preparation of the compound CsNsH;, named melon. He mentioned that when exposed to air, 
the compound forms the monohydrate. One of my students suggested that the hydrate should be 


named watermelon. 


M. Spicer 
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The recent development of computers 
is creating fundamental changes in research and teach- 
ing. The use of computers creates new opportunities 
in all fields of science, including chemistry and chemical 
engineering. No chemistry teacher can afford to dis- 
regard the possibilities for using computers in his own 
teaching, nor of preparing his students to use computers 
in research and in industrial work. 

Computers are classified according to operation as 
digital or analog. A digital computer can do a wider 
range of calculations, and has a higher precision than an 
analog computer. Nevertheless, the use of analog 
computers is increasing at a rapid rate (1). 

The analog computer has several advantages (/0): 

Programs are relatively easy to set up. 

It is particularly suited for the simulation of physical 
systems. 

The program can include information, such as curves, 
which have not been reduced to mathematical form. 

Parameter magnitudes can be changed easily to give 
a series of solutions for different parameter values. 
This is particularly valuable in preliminary curve- 
fitting. 

It can be combined with non-computing elements, 
such as control systems. 

For problems of moderate size, the analog computer 
is less expensive (6). 

Teachers will find many opportunities to use analog 
computers for demonstrations in reaction kinetics, 
equipment design, and control. Some applications for 
which computers are well suited are (4, 9, 12): 


Consecutive and simultaneous reactions 
Catalytic Reactor design and operation 
Distillation column dynamics 

Control system simulation 

Air pollution studies 


A Typical Demonstration 


Problems in chemical kinetics are often so compli- 
cated that a mathematical solution is hopelessly in- 
volved. Such problems can often be set up rather 
easily on a computer and the solutions demonstrated 
to a class. The following section illustrates how this 
would be done for the simple case of two consecutive 
first order reactions. This example includes a deriva- 
tion of the basic concepts of analog computer program- 
ming. Those interested in pursuing the subject further 
should consult one of the excellent books on the sub- 
ject (2-6, 8). 

The equations for the consecutive first order, ir- 
reversible reactions 


A>B—C (1) 
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Analog computer instruction 


A Plugboard Teaching Aid 


are as follows: 


a’ = —azr (2) 
y’ = az — by (3) 
z’ = by (4) 


where x is the concentration of substance A, y is the 
concentration of substance B, z is the concentration of 
substance C, and the primes represent derivatives with 
respect to time. 

The circuit for solving this problem is derived from 
the basic principles of analog computation. 

Fundamental to the electronic analog computer is 
the high-gain de amplifier, represented by the sym- 
bol shown in Figure 1. The gain, or ratio of output 
voltage to input voltage, is commonly between 20,000 
and several million. If the output is not over 100 
volts, therefore, the input will be less than 5 millivolts. 


INPUT OUTPUT 


Figure 1. Symbol for amplifier. 


This can be taken as essentially zero. The importance 
of this will become apparent in the circuit analysis 
which follows. 

Resistors and capacitors are connected to the am- 
plifier to form sub-units which perform addition, multi- 
plication, or integration. The operation of these sub- 
units can be understood from an elementary considera- 
tion of the current flow in the sub-unit. 

For addition and multiplication, a circuit is put to- 
gether as shown in Figure 2. 


Ra 


Co 
Re 


Figure 2. Circuit for addition and multiplication. 


€a 


The current through a resistor is equal to the voltage 
drop divided by the resistance. Applying this law to 
Figure 2, we obtain 


through R,, the current = 
1 

through the current = 0 
2 

€o — 


through R,, the current = 


No current goes through the amplifier, so the current 
through R, is equal to the sum of the currents through 
R, and R», or 


a — — & 


3 | 
| q 
» 
te 


(2) 
(3) 
(4) 
the 


of 
ith 


ge 


nt 
gh 


Now since éq is essentially zero, we may write 


4 & 
ea = — [Fat (5) 


For integration, the circuit is shown in Figure 3. 
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Figure 3. Circuit for addition and integration. 


The current through a capacitor is given by the ex- 
pression C(dE/dt), where C is the capacitance, E the 
voltage across the capacitor. 

Equating currents as before, we obtain 


G&—& , & 
C di = + 


For e, = 0, 
LARC RC 
1 t 1 t 
€a — €ao = — Lae | (6) 
ey" For multiplication by a 


positive ‘number less than 
1, a potentiometer is used as 
shown in Figure 4. 


Figure 4. Potentiometer. 


Applying these principles to the reaction problem, 

we start with equation (2): 
xz’ = —az. 

The output voltage of an integrating amplifier is 
arbitrarily assigned the value of the concentration z. 
The voltage at the input resistor, by equation (6), 
then represents —2x’. (Note that an amplifier always 
gives a reversal of sign.) The integrating amplifier, 
as shown in Figure 5, is an amplifier with a capacitor in 
parallel and a resistor leading to the input. Leads also 
must be placed from “initial conditions” terminals to 
fix the value of x at zero time, when the computation 
begins. By equation (2), 


Assuming a to be less than 1, one obtains ax from x 
by using a potentiometer. The condition that —z2’ 
be equal to az is obtained by connecting the points 
representing these two quantities, as shown in Figure 
5. This figure shows the wiring diagram in conven- 
tional symbols, together with a sketch of the wiring 
on a computer plugboard, which will be described in a 
subsequent section. Use of a 1 microfarad capacitor 
and 1 megohm resistor requires that time be expressed 
in seconds. 

The circuit for y is designed in a similar fashion. 
Addition and integration are performed by the same 
amplifier. Let the output equal —y, whence the sum 
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1.6.2 16.3 -100 2 


UR | MEGOHM RESISTOR 


| MICROFARAD CAPACITOR 
Figure 5. Circuit diagram and board wiring for x’ = ax. 
of the input terms is y’. By equation (3), 

y’ = ax — by. 

A voltage representing az is already available, and 
—by is obtained from —y by another potentiometer. 
These are added as shown in Figure 6, again using 1 
megohm resistors and 1 mfd capacitors. 


| MEGOHM RESISTOR 


1 MICROFAKAD CAPACITOR 
Figure 6. Circuit diagram and board wiring for y’ = ax — by. 
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Finally, the simulation of z is performed by letting 
the output of a third amplifier be z, the input —z’, 
and noting that 


The voltage representing —by is already available. 
This part of the circuit is shown in Figure 7. 


AAA 
4 


or 
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1 MEGOHM RESISTOR 


MICROFARAD CAPACITOR 
Figure 7. Circuit diagram and board wiring for z’ = by. 


The solution begins when the three switches which 

bypass the three amplifiers are opened simultaneously. 

~ The solution is in the form of three time-voltage curves, 

which are the analogues of the time-concentration 
curves in the physical situation. 

Figure 8 shows the curves which were obtained on a 


CONCENTRATION 


Figure 8. Computer solution for simultaneous first order reactions. 
——Computer, © Calculated. 
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Heathkit computer using the plugboard which is de- 
scribed in the next section. The initial conditions are 
100 for x, zero for y and z; the values of the coefficients 
are a = 0.4, b = 0.3. The equations were also solved 
by calculus, and a few calculated points plotted to show 
the validity of the computer solution. The plugboard 
set up for solving this problem is shown in Figure 9. 


Figure 9. Plugboard programmed for solution of kinetics problem. 

The computer can be useful even for this simple 
example in showing the effects of changing coefficients 
and initial conditions. These can be changed by re- 
setting potentiometers to different values, and new 
solutions obtained very easily. The computer can 
also be used for reversible reactions, reactions of higher 
order (11), several reactions in series and competing 
reactions where a mathematical analysis would be im- 
practical. 


The Auxiliary Plugboard 


After watching a demonstration on a computer, many 
students will want to learn how to operate the computer 
themselves. In view of the growing "1se of computers 
in industry, the student can profit by learning how to 
use a computer while in school. Many feel that this is 
a proper part of the undergraduate curriculum in chem- 
istry and chemical engineering (7). 

For teaching computer use, laboratory instruction 
and practice is very desirable. Although a high pre- 
cision computer is beyond the budgets of many college 
departments, a less expensive model is quite satisfactory 
for instruction. These computers of lower accuracy 
are quite suitable for teaching computer programming 
and operation. Computers can be obtained for as little 
as $200 in kit form, and several companies offer small 
computers for less than $5000. For information about 
available computers, the reader is referred to a recent 
list compiled by Williams (9). A satisfactory recorder 
will cost about $500. Thus, investment in a computer 
should offer no serious problem. 

However, even with an inexpensive computer, the 
instructional cost per pupil is apt to be excessive. 
Space at the computer is limited, and a student tends 
to use a lot of time in setting up a problem. This 
sets a severe limit to the size of a class, and the in- 
structor’s time is taken by a very few students. 

One solution has been to give lectures on computer 
operation, then let each student reserve time on the 
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computer and work out his problems by himself. This 
has not worked well, as students usually need some 
help and supervision. 

We have found that the use of auxiliary plugboards 
has provided a very satisfactory solution to the problem 
of student use. 

Essentially, the auxiliary plugboard consists of a 
number of terminal jacks arranged to resemble a section 
of the computer plugboard. When the board is plugged 
into the computer, the iacks are connected in parallel 
to similar jacks on the main plugboard. The board 
shown in Figure 10 was developed for use with a Heath- 
kit computer; it could easily be adapted to other com- 
puters. A commercial model has been introduced by 
the Donner Co. for use with their Model 3500 com- 
puter. 

The base of the auxiliary board shown in Figure 10 
isa 3 X 8 X 12 in. aluminum chassis. Colored jacks 
for four operational amplifiers are arranged in imitation 
of the Heathkit board. In addition, plugs for reference 
voltages, ground potential, and three sets of initial con- 
ditions are included. Each jack or set of jacks is 
wired to an 18-connector outlet. The plug which mates 
with this outlet makes connection with the correspond- 
ing jacks on the main plugboard. ‘Initial conditions” 
terminals are wired to initial conditions voltage sources 
through relay switches. Four 100 K ohm carbon 
potentiometers are wired as shown on the sche- 
matic painted on the board; one side of a potenti- 
ometer is connected to ground, the other side and the 


Figure 10. Auxiliary plugboard. 


center tap connected to plugs which are located near 
the amplifier plugs. The potentiometers were cali- 
brated in place. 

In the computer laboratory, each student gets an 
auxiliary board and a supply of capacitors, resistors, 


and connectors. Each capacitor or resistor is attached 
to a General Radio double jack, which can be inserted 
into the appropriate plugs on the board. After a lec- 
ture on the principles involved in the solution of a 
problem, the student proceeds to set up the program 
on his board. When he is ready, he plugs the board 
into the main computer with the assistance of the 
instructor. The solution is recorded in a short time. 

For some problems, the solution is a voltage read on 
a voltmeter. For problems in which there are differ- 
ential equations, the solution is a voltage vs. time trace 
recorded by a recording voltmeter, or a trace appearing 
on the face of an oscilloscope. 

By using the inexpensive plugboards, several stu- 
dents can be working on their programs at the same 
time, with the help of only one instructor. Each 
student uses the main computer only a relatively 
short time. 

More complicated problems, such as second order 
equations, require function multipliers or function 
generators. Commercial units are fairly expensive, 
but units which have enough accuracy for student 
laboratory use can be assembled for a small fraction 
of the cost of a commercial unit, and will serve for 
instructional purposes. (The author will gladly answer 
requests for information as to details of such units and 
of the construction of plugboards.) 
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NSF Supports Teaching Equipment Development in 1962 


NSF will continue to support the teaching equipment program inaugurated in 1959. Pro- 
posals are now being sought for 1962. Proposals for support under the Science Teaching Equip- 
ment Development Program should be sent not later than November 15, 1961, to the Course 
Content Improvement Section, National Science Foundation, Washington 25, D. C. Fifteen 
copies of a proposal are required. Awards will be announced in March 1962.. 
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taiadiiate can be found in the litera- 
ture to the effect that almost all metals react with 
atomic hydrogen to form hydrides (23, 34). However, 
review articles on atomic hydrogen reactions generally 
have emphasized the action of atomic hydrogen on or- 
ganic compounds and simple inorganic gases (2/1, 26, 
64, 72). Little attention was given in these reviews 
to hydride formation by the action of atomic hydrogen 
on metals or metal-containing compounds. For this 
reason it was felt that a thorough analysis of the role 
of atomic hydrogen in hydride formation was necessary.! 
The discovery in recent years of new hydrides of many 
metals, particularly the less stable hydrides, makes 
possible at this time a more critical examination of 
atomic syntheses reported in the older literature. 
Many of these claims now appear unlikely in view of 
presently known properties of hydrides. A significant 
point found by searching through the literature on 
atomic hydrogen syntheses is that the abstracts of these 
papers are often in error. An example of this are 
claims in abstracts for the formation of hydrides that 
are not described in the original papers; this was par- 
ticularly prevalent for papers published during the 
1920’s and 1930’s. 
Confusion also exists in the naming and indexing of 
atomic hydrogen reactions. In the present paper hy- 


drogen atoms are assumed to be the active species 


when the experiments were carried out as follows: 

(1) Atomic hydrogen was generated in a separate 
chamber and transported down a tube, whose wall was 
suitably poisoned for hydrogen atom recombination, to 
intersect with a second gas stream or impinge on a 
target surface.” 

(II) Reactions in a single chamber when hydrogen 
was dissociated at a hot filament and the second species 
was either a non-volatile target or in an uncombined 
state. 

(III) Reactions in a single chamber when hydrogen 
was dissociated by inelastic collisions with photo- 
excited mercury atoms and the second reactant did not 
react in this manner. 

For these cases the origin of the atomic hydro- 
gen was not specified. Reactions of mixtures of 
gases in a discharge tube might well involve gaseous 
ions or radicals from the other reactant and are 
not considered here. However, when hydrogen is 


1 For the purpose of this paper, all binary compounds of hy- 
drogen are considered to be hydrides. 

2 Details of the methods used to generate atomic hydrogen 
can be found in the reviews cited above and in the papers of the 
text. The act of dissociation has been achieved by thermal disso- 
ciation at a hot filament, condensed and non-condensed electric 
discharges, and electrodeless discharges. 
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Hydride Formation by 
Atomic Hydrogen Reactions 


the only volatile species in a discharge, and the hydro- 
gen thus activated is subsequently reacted with a non- 
volatile target present in the discharge chamber, it is 
certainly possible that the attacking species is atomic 
hydrogen (64). For such cases the origin of the active 
species is specified in the paper, whether in a low pres- 
sure electric discharge or a higher pressure silent dis- 
charge. 


Hydrides of Main Group Elements 


1-A Elements 
These metals all form solid univalent ionic hydrides 


- when heated in hydrogen (34); this reaction does not 


occur at ambient temperatures, even for thin films of 
the metal (19). Although specific compositions have 
not been proved, strong chemical evidence exists that 
atomic hydrogen reacts with these metals to form ionic 
hydrides. 

The formation of a surface layer, assumed to be a hy- 
dride, was reported when sodium metal was reacted 
with hydrogen activated in an electrodeless discharge 
(68). A similar observation, backed by chemical 
proof of hydride hydrogen, was reported when a sodium- 
potassium alloy was reacted with atomic hydrogen (48). 
Mirrors of lithium, sodium, and potassium reacted 
separately with atomic hydrogen to form hydridic 
compounds; the entire deposit could be reacted if 
underlying layers of thicker mirrors were driven ther- 
mally to the surface in a step-wise process (19). How- 
ever the weak point in these experiments was the lack 
of temperature control over the metal surface. While 
it was claimed that these were ambient temperature ex- 
periments, it can be reasonably assumed that atomic 
hydrogen recombinations raised the target tempera- 
tures to elevated temperatures. Therefore while 
ionic hydrides apparently form in these reactions, the 
assertion that the reactions proceed at ambient tem- 
peratures is not proved; it may be that these reactions 
proceed at temperatures not very much below those at 
which molecular hydrogen reacts. 


Elements 


Beryllium and magnesium form polymeric (BeH2), 
and (MgH,), solids which are believed to be bonded by 
hydrogen bridges, rather than the ionic hydrides formed 
by heavier II-A metals. The more stable magnesium 
hydride can be formed from magnesium and hydrogen 
at 570° and 200 atmospheres (79), but (BeH:), decom- 
poses rapidly at 125° and atmospheric pressure and 
cannot be formed by the action of hydrogen on the 
metal. Beryllium has been reported to react with 
atomic hydrogen to form a surface film after seven 
hours under conditions in which the target surface had 
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to exceed 150° and often exceeded 170° (58). In view 
of the instability of beryllium hydride at these tempera- 
tures and the scanty evidence presented, it must be 
doubted that beryllium hydride has yet been made by 
an atomic hydrogen reaction. 

Of the heavier II-A metals the only observation re- 
corded was film formation when calcium was reacted 
with hydrogen activated in an electrodeless discharge 
(68). However these metals should react with atomic 
hydrogen to form hydrides since the corresponding re- 
action occurs at elevated temperatures with molecular 
hydrogen at atmospheric pressure for all except mag- 
nesium. 


Ill-A Elements 


The action of atomic hydrogen on boron or on any of 
the known boron hydrides has not been reported. The 
role of atomic hydrogen in interconversion reactions of 
the boron hydrides should prove extremely interesting. 
Diborane condenses rapidly at temperatures greater 
than 100° into various members of the volatile borane 
series (49) while the highest of the known boranes, 
decaborane, condenses rapidly into polymeric (BH), 
at temperatures exceeding 200° (77). An indication 
of the synthetic possibilities of atomic hydrogen on 
boron can be inferred from recent work with molecular 
hydrogen. It was found that the latter reacted with 
boron heated to 840° to form diborane (apparently 
only traces) when passed rapidly over the heated metal 
(47). 

Aluminum. The only known hydride of aluminum is 
a polymer, (AIH;),. That aluminum does not form a 
series of volatile hydrides similar to the boranes can be at- 
tributed to.its greater coordination number and the re- 
sultant instability of the simple electron-deficient 
dimer. The polymer is not sufficiently stable to enable 
formation directly from the metal and hydrogen. Re- 
peated attempts in several laboratories known to the 
writer have failed to yield aluminum hydride by such a 
synthesis at extremes of both temperature and pressure. 

However, a recent study of the action of atomic hy- 
drogen on aluminum has resulted in the formation of 
a hydride which is stable below 0° (70). This hydride 
was formed by the action of atomic hydrogen on alumi- 
num evaporating to a surface at —195°; evidence was 
presented for a heterogeneous reaction at the cold sur- 
face. The proof for hydride formation was kinetic in 
character with the product represented as AIH, where 
2x is greater than unity. The uncertainty in the hydride 
content was attributed to decomposition of initially 
formed hydride molecules by the destructive action of 
atomic hydrogen recombinations. Because of its 
lesser stability the hydride formed in this manner is 
obviously different from (AlHs),. 


Gallium, Indium and Thallium. The stabilities of 
the known hydrides of these metals decrease with in- 
creasing atomic weight of the metal. (GaH;),, unstable 
above 140° (85), (InH;),, unstable above 80° (84), and 
(TIH;),, unstable at ambient temperature (78) are the 
known trivalent hydrides of these metals. (TIH;), de- 
composes at ambient temperature to (TIH), which is 
stable to 270° (78), but this reaction has not been re- 
ported. for Ga, In, or Al hydrides. The lone volatile 
hydride reported for these metals is digallane (81) but 


the reported high stability of this compound and the 
absence of such a dimer in aluminum hydride and indium 
hydride chemistry make the existence of such a vola- 
tile hydride extremely improbable. Although the 
heavier III-A metals do not react with hydrogen, evi- 
dence has been obtained by Pietsch and his co-workers 
for hydride formation when these metals were reacted 
with atomic hydrogen (56, 57). 

Gallium was reported to react with atomic hydrogen 
at target temperatures approaching 170° to form a hy- 
dride film after 15 hours (58). The composition of this 
hydride was not determined, but tests for hydridic hy- 
drogen were presented. However unless the tempera- 
ture measurement was in error, the prolonged exposure 
of the product to temperatures approaching 170° is in 
conflict with the stability data on (GaH;),. In the same 
investigation, indium vapor was reported to react with 
atomic hydrogen at 120-130° to form a condensable hy- 
dride which formed an indium mirror on warming, while 
molten indium was claimed to form a hydride on the 
surface of the metal. These observations are also in 
conflict with the stability data on (InH;),. One must 
conclude that atomic hydrogen reactions did not lead 
to the known trivalent hydrides of these metals and it 
is doubtful if true hydride formation has been proved 
for these reactions. 

Thallium(I) chloride was reported to react with 
atomic hydrogen to form a condensable product (56). 
Evidence presented was the formation of a metal de- 
posit at a distance of 4 cm from the TICI charge; in 
view of the extremely low vapor pressure of TIC] and 
Tl at the temperature of the chloride surface (217°) 
volatile hydride formation was assumed, A similar 
experiment with thallium metal at 136.5° gave the 
same result (58). The evidence presented in light of 
the known stability patterns of (TIH;), and (TIH), in- 
dicate that neither of these hydrides was formed. It is 
likely that a hydride radical which decomposed to the 
metal on condensation was the actual product; less 
probable would be a volatile TIH; species which decom- 
posed on condensation rather than condense to a stable 
polymeric form. It is very unlikely that the wall tem- 
perature could have exceeded the decomposition tem- 
perature of (TIH),. 


IV-A Elements 


Carbon. While the reaction of carbon and hydrogen 
to form methane requires temperatures over 500° (34), 
the corresponding reaction with atomic hydrogen pro- 
ceeds at ordinary temperatures. Giintherschulze found 
that the wall of a hydrogen discharge tube was covered 
with carbon when a small charge of the latter was 
placed in the tube (27); under the conditions of the ex- 
periment it was argued that a volatile hydride intermedi- 
ate was required to explain this migration. Subsequent 
investigators have definitely shown that methane is 
formed when atomic hydrogen reacts with thin deposits 
of soot, at temperatures to 100° (3, 7, 28). Harris 
and Tickner also found traces of C.-C; hydrocarbons 
as products. 


Silicon and Germanium. Both of these elements form 
paraffin compounds which are less stable than the analo- 
gous hydrocarbons; for this reason germane and silane 
have not been synthesized by the action of hydrogen on 
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the metal. The hydrides GesHiy and GesHi: have re- 
cently been prepared (2). While the latter are only 
stable to 50°, disproportionation results in the formation 
of a polygermane (GeH:2), which is stable to 350°, the 
same as for GeH,; thermally stable (SiH), is also 
known (65, 66). In view of these stability data it 
would be surprising if silicon and germanium did not 
react with atomic hydrogen to form both series of hy- 
drides. 

Yet there is almost nothing in the literature on the 
reaction of silicon with atomic hydrogen, except per- 
haps for an early observation that traces of a conden- 
sable compound were trapped after a discharge through 
hydrogen in a glass apparatus (H-SiO, reaction), with 
the product exhibiting a silane-like odor (33). Various 
claims for the formation of a volatile germanium hydride 
by atomic hydrogen reactions have been made but no 
definite hydride has been proved (25, 52, 53). Pearson 
trapped a volatile substance at —195° and showed that 
hydrogen could be subsequently driven from this “hy- 
dride” by warming but no composition was given and 
proof of true hydride formation was not demonstrated. 
Glemser noted that the reaction between GeO, and 
atomic hydrogen led to the formation of a germanium 
mirror on the reactor wall, claiming intermediate hy- 
dride formation; obviously this hydride was not GeH, 
or any of the higher germanes since the latter dispropor- 
tionate to (GeH:2), which is stable to 350°. In this case 
the formation of a radical hydride that decomposed to 
the metal on condensation is indicated. 

Tin and Lead. Volatile SnH, and PbH, are known, 
and quite recently a SnoH,g has been reported (35); 
these hydrides are all unstable at ambient temperatures. 
Polymeric stannanes or plumbanes are not known. 
Stannane has been proved as a product of atomic hy- 
drogen reactions but only indirect evidence exists for 
lead hydride formation by such reactions. 

Inconclusive evidence for tin hydride formation was 


advanced by the action of atomic hydrogen on tin (53) 


and in a discharge through hydrogen with tin elec- 
trodes (20). However, Paneth identified SnH, as a 
product of the reaction between tin and hydrogen 
activated in a discharge (52), and Vdovenko proved 
SnH, results from atomic hydrogen attack on SnCh 
(76), and SnCl, (77); the charges of tin chloride were 
maintained at very low temperatures, below the de- 
composition point of stannane. The very low yields 
in these studies were attributed to the fact that only 
0.3% of the atomic hydrogen collisions with chloride 
surface were successful. 

Volatile, condensable, but otherwise unidentified 
hydride products from the action of atomic hydrogen 
on lead (or in discharge tubes) have been reported by 
several investigators (20, 51, 56). Schultze and Miller 
in similar experiments found that the trapped “hy- 
dride’”’ could not be re-evaporated (67). This could 
be attributed to the formation of PbH, and its subse- 
quent decomposition on warming, in view of the in- 


‘stability of PbH, at ambient temperatures. It was 


also found that lead chloride reacted with atomic hy- 
drogen to form a lead deposit on the wall of the reactor 
(56); this might also be attributed to the instability of 


‘lead hydride. However the possibility that the hydride 


which was formed was in fact a hydride radical rather 
than PbH, cannot be precluded. 
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V-A Elements 


Nitrogen. Because of the stability of the triple bond 
in nitrogen, a reaction between atomic hydrogen and 
nitrogen is not achieved readily and only traces of 
ammonia have been observed at 357° (650). Hydrazine 
has not been found in this reaction and moreover the 
latter is readily decomposed by atomic hydrogen to the 
more stable ammonia (16); the rate of reaction between 
atomic hydrogen and ammonia is very slight (8, 14, 
16, 30). The reaction between atomic hydrogen 
and nitrogen atoms to form ammonia occurs read- 
ily (73). Ammonia also results from the action 
of atomic hydrogen on many inorganic salts containing 
nitrogen; such salts include nitrides, cyanides, nitrates, 
nitrites, amides, and isothiocyanates (38). The action of 
hydrogen activated in a silent discharge converts many 
ammonium salts to ammonia (41, 42, 45). 

Phosphorus. Because there is no triple bond in 
phosphorus, the latter reacts with atomic hydrogen 
much more readily than does nitrogen; the synthesis 
of phosphine by this reaction has been frequently re- 
ported (9, 38, 40, 86). Traces of the less stable diphos- 


_ phine have also been found from this reaction (86). It 


has been claimed that atomic hydrogen reacts with 
phosphine to form a mirror which was assumed to be a 
lower hydride of phosphorus (/5). However it has 
also been reported that red phosphorus and hydrogen 
are the sole products of this reaction (86). In any case, 
phosphine is more susceptible to hydrogen atom attack 
than is ammonia and the proved existence of higher 
phosphines and polymeric hydrides indicates that the 
study of the role of atomic hydrogen in these conversions 
should be valuable. Higher phosphines, such as P;Hs, 
have recently been reported to result from the dispro- 
portionation of diphosphine, although the evidence was 
by Raman Spectra and indirect analysis (6). <A poly- 
meric (P2H), was early reported (74) but subsequently 
disputed on the basis of adsorbates of phosphine on 
phosphorus (60). However the existence of such a 
polymer has recently been proved from the decomposi- 
tion of diphosphine (18), and (PH), has also been re- 
cently reported (83). 

Futile attempts have been made to synthesize a 
pentavalent hydride of phosphorus, both by atomic hy- 
drogen reactions (15) and very low temperature synthe- 
tic methods (82). It can be shown, however, that such 
a hydride is theoretically impossible as a result of the 
diffuse nature of the d-orbitals of phosphorus in the 
ground state (12). Bond formation in such cases re- 
quires extremely electronegative ligands, such as fluo- 
rine (13). 

Arsenic. The reaction between atomic hydrogen 
and arsenic has often been reported to result in the for- 
mation of a volatile hydride (9, 27, 52, 53, 69) and this 
was also found for the action of hydrogen activated in 
a silent discharge on arsenic pentoxide (41). Although 
the specific hydride was not proved, it is probable that 
arsine was formed since it is stable to 300°. A diarsine 
was prepared recently but this hydride decomposes 
above —100° into arsine and a polymer, (As2H, 2-1.3)2, 
stable to 350° (46); the polymer is probably (As.H), 
and has been reported elsewhere (36). There was no 
indication of such polymer formation in the reported 
atomic hydrogen reactions. 
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Antimony and Bismuth. The only known hydrides 
of these elements are SbH; which decomposes slowly at 
ambient temperatures, and BiH; which is quite un- 
stable at these temperatures (34). Claims have been 
made that atomic hydrogen reacts with these metals 
to form hydrides but these are better established for 
antimony than for bismuth. 

The formation of a metal mirror was reported when 
atomic hydrogen was reacted with Sb.O; (38); similar 
mirrors formed when hydrogen activated in a silent 
discharge was reacted with SbCI;, Sb2S3, and Sb.O; (4). 
A condensable hydride from which hydrogen could sub- 
sequently be driven by warming was also reported (53), 
although true hydride formation was unproved. Bag- 
dasaryan and Semenchenko reported that a hydride, 
presumably SbHs, results from the H-Sb reaction, and 
calculated that only one collision in 90 was effective (4). 

Early investigators claimed that atomic hydrogen 
reacts with bismuth to form an unstable volatile hy- 
dride, without real proof (20, 27, 52); this was disputed 
by Pearson (53). A more recent study by Harris and 
Tickner, in which they found that a bismuth mirror 
appeared to travel a distance of 25 cm, lends credence 
to the intermediate hydride theory (29); an average 
life of 0.4 seconds was calculated for the unstable hy- 
dride. Kroepelin also found that atomic hydrogen 
reacts with bismuth nitride to deposit a bismuth mirror 
at a large distance from the source Pe In view of 
the instability of BiH; under the experimental condi- 
tions of these studies, it is not possible to choose be- 
tween the latter and a hydride radital as the probable 
reaction product that was observed. 


VI-A Elements 


Oxygen. Geib has reviewed the extensive literature 
on the reaction between hydrogen atoms and oxygen 
to 1936 (21) and a detailed review by Rodebush (59) 
was published shortly thereafter. Considerable effort 
has been expended in recent years on the mechanism of 
this reaction and related reactions, but it would not be 
appropriate to review this extensive literature here. In 
summary however, it can be stated that atomic hydro- 
gen reacts with oxygen to form H,O2 at —195°, and to 
form water at ambient temperatures. Further, hy- 
drogen atoms decompose H,O, at ambient tempera- 
tures to form water and do not react appreciably with 
water itself. It has been claimed that atomic hydrogen 
reacts with ozone at —195° to form the superoxide 
H,0,, which decomposes on warming to H.O2, H.O, and 
O. (37). However Giguere and Chin have disputed 
this since they found by infrared spectroscopy that 
only the latter products were formed (24). 

Sulfur. Like oxygen, sulfur reacts readily with 
atomic hydrogen at ambient temperatures to form 
the analogous hydride, H.S; there is no report of poly- 
sulfide formation by atomic hydrogen reactions (5, 9, 
38, 41, 48, 68, 69). Hydrogen sulfide can be prepared 
also by the action of atomic hydrogen on solid salts 
such as.sulfates and isothiocyanates (38); sulfides (41), 
thiosulfates (43, 44) and sulfites (43, 44) also yield 
H.-S when these salts are reacted with hydrogen 
activated in a silent discharge. The hydride has even 
been prepared by bubbling atomic hydrogen (diluted 
with inert gas) through thiosulfate (31, 32) and sul- 
furic acid solutions (14). 


Efforts to form a higher hydride of sulfur by reaction 
of HS with atomic hydrogen resulted only in the 
decomposition of the hydride to sulfur and hydrogen 
(15). These efforts should prove futile for reasons 
identical to those advanced for phosphorus. 

Selenium and Tellurium. Unlike the lighter VI-A 
hydrides, tellurium hydride is too unstable to be pre- 
pared directly from the elements (34). Inconclusive 
claims of the formation of both H,Se and H.Te by the 
action of atomic hydrogen on the elements have been 
advanced (27, 29, 52, 53) and mirror evidence has been 
reported for the action of hydrogen activated in a 
silent discharge on targets of selenious and tellurous 
acids (44). Bagdasaryan and Semenchenko have pre- 
sented the most convincing evidence (5); only one tenth 
of the atomic hydrogen collisions with the elements 
were calculated to be successful. 


VII-A Elements 


Atomic hydrogen converts each of the halides to the 
corresponding hydrogen halide; the gas phase reactions 
are covered in the reviews cited above. The hydrogen 
halides can also be formed by the action of hydrogen 
activated in a silent discharge on solid halides (4/, 43). 
Atomic hydrogen reacts also with aqueous iodine solu- 
tions to form HI (38). 


Hydrides of Transition Elements 
I-B Elements 


Copper, silver, and gold have exhibited evidence for 
transient volatile hydride species, but the only defi- 
nitely known hydride is solid CuH which decomposes 
above 60° (34). The reaction of these metals with 
atomic hydrogen have been investigated by Pietsch and 
his co-workers (54, 56, 58). 

Copper was described as forming a film after 30 
minutes of exposure to atomic hydrogen, with some 
evidence presented for hydridic hydrogen. Although 
no temperature was given it is likely that the target 
surface greatly exceeded the reported decomposition 
temperature of CuH. Silver was described as forming 
good yields of a stable hydride powder wrth a target 
temperature of 250-350°; decomposition of the hydride 
was reported to commence only at temperatures ap- 
proaching 600°. On the other hand X-ray diffraction 
patterns of the hydride were identical to those of silver, 
and the unusual thermal stability reported for the hy- 
dride is not believable. Gold foil formed a film after 
one hour, with some evidence advanced for hyaridic hy- 
drogen. However, the heaviest metal hydridein a group 
of the periodic table generally exhibits the least stability, 
and the temperature of the gold target should have ex- 
ceeded the decomposition temperature of any conceiv- 
able gold hydride. It must therefore be doubted that 
hydride formation has been proved for atomic hydrogen 
reactions with the I-B metals. 


Elements 


F Definite divalent hydrides have been found for zinc 
and cadmium and evidence for the existence of a less 
stable mercury hydride has been obtained (80); ZnH2 
is stable to 90°, CdH: to —20°, and HgH, to —125°. 
Of these metals, only mercury has been studied in 
atomic hydrogen reactions. 
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Spectroscopic evidence for hydride formation was 
found when mercury reacted with atomic hydrogen (10). 
Geib and Harteck reported that a hydride was formed 
when mercury vapor at 100° was mixed with atomic 
hydrogen in a vessel whose wall was maintained at 
—195°. Under comparable conditions molecular hy- 
drogen did not react. The hydride formed by the 
hydrogen atom reaction decomposed at temperatures 
above —125° (22). While no justification for neglect- 
ing physical adsorption was presented, especially in 
view of the low temperature at which the bound hydro- 
gen was released, it is interesting that the reported 
decomposition temperature coincides with that reported 
for the hydride prepared by synthetic methods. Ina 
more recent investigation it was found that a discharge 
through hydrogen and mercury resulted in the forma- 
tion of a “hydride” which decomposed above 150° (17). 
However, this observation is in complete conflict with 
the reported stabilities of the known II-B metals. 


Other Transition Elements 


The only other metal whose positive reaction 
with atomic hydrogen has been reported is tan- 
talum. Pietsch and Lehl (55) found that finely 
ground tantalum reacted with atomic hydrogen to 
form a hydride; they observed the reaction by X- 
ray diffraction techniques. It was further found 
that repulverization of the target, followed by fur- 
ther atomic hydrogen treatment, completely con- 
verted the sample. However the composition of 
the hydride was not determined. Although the hy- 
dride formed by the treatment of tantalum with 
molecular hydrogen at elevated temperature generally 
has a H/Ta ratio less than one (1/1, 34), TaH, TaHs, 
and TaH; have recently been reported by a Grignard 
synthesis (39). The other V-B metals present an 
‘equally confusing pattern. Vanadium has not been re- 


_ ported to form a hydride with hydrogen content greater 


than VH».., (75). Yet NbHs, which is stable to 300° 
(1, 11) has been reported although it was previously 
believed that NbH was a limiting composition. 

Another intriguing situation can be found in the 
group VIII metals, which generally form “hydrides” 
of low hydrogen content on heating the metal in hydro- 
gen. However a recent series of papers by Sarry 
(61, 62, 63) presents evidence for the formation of 
FeH2, FeH;, CoH2, and by Grignard reactions, 
although specific hydrides were not isolated and com- 
plex stabilization was inferred. 


Conclusions 


In summary it may be stated that hydride formation 
‘by atomic hydrogen reactions has not been proved 
for many metals. In cases where the metal reacts 
with molecular hydrogen to form a thermally stable 
ionic hydride or covalent hydride, the analogous 
reaction with atomic hydrogen generally proceeds at 
a lower temperature. This is not surprising since 
the energy barrier required to dissociate hydrogen 
has already been surmounted. However, for the many 
metals which form covalent hydrides that are not 
stable to high temperatures, the pattern is unclear. 
In s cases the reported claims of atomic syntheses 
‘are often in complete conflict with presently known 
‘stability behavior of the corresponding hydrides. 
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The inference here is plainly that the claims are un- 
founded. Many such metals form a series of hydrides 
by synthetic methods, but the role of atomic hydrogen 
in these interconversions is generally unknown since 
the techniques used were often insensitive to all but 
the stablest of the hydrides. For metals which form 
hydrides which are unstable at ambient temperatures, 
it is not possible to decide whether the observed in- 
direct evidence for hydride formation by atomic hy- 
drogen reactions is the result of true hydride formation 
or hydride free radicals. 

While the evidence is sufficient to state that the 
main group elements probably would all form hydrides 
(either complete molecules or free radicals) by atomic 
hydrogen reactions carried out under appropriate 
experimental! conditions, this is not true for the transi- 
tion elements. The metals in groups VI-B, VII-B, 
and VIII form loose types of hydrides when reacted 
with hydrogen at elevated temperatures that do not 
necessarily involve covalent metal-hydrogen bonds; 
evidence to the contrary has not been definitive. Many 
of these metals fail to form a mirror by hydrogen atom 
attack under conditions that result in mirror forma- 
tion by main group elements. Thus even hydride 
radicals are unknown for many metals, 

The areas of uncertainty described above might 
profitably be investigated by atomic hydrogen reactions 
if the limitations of the past studies were circumvented. 
Definitive experiments with hydrides that are thermally 
unstable should not be carried out on solid targets 
that are heated by unavoidable atomic hydrogen 
recombinations. This also applies to the disruptive 
effect of atom recombinations on the product surface 
even if maintained at low temperatures. The best 
approach appears to be the use of physico-chemical 
techniques that minimize surface effects or eliminate 
them. Molecular beam techniques and time of flight 
mass spectrometry come to mind as possible alterna- 
tives. 
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Report on Biophysics Institute Available 
99 
Since its creation in 1955 the Biophysics and Biophysical Chemistry Study Section of the 
ye. NIH, in addition to its customary function of reviewing research grant applications, has been 
conducting special programs of activities to stimulate the development of biophysical research 
and training. In this connection the Study Section organized and sponsored an experimental 
9). conference, the Summer Institute in Biophysical Science. 
J. The Summer Institute was held in Cambridge, Mass., from August 28 to September 9, 1960, 
and was attended by 63 students from 16 outstanding small liberal arts colleges. The Institute 
9, was designed to demonstrate the ways in which the principles of the physical sciences are applied 
to the investigation of biological problems, and to answer the questions ‘What is biophysics?’ 
and “Why biophysics?”” By exposing students to current biophysical research it was anticipated 
that some would undertake graduate studies in this field. 
49 The central theme of the program was molecular biology; however, sessions on organ systems 
and instrumentation were also included. Throughout, emphasis was placed on the biological 
aspects of subjects discussed. 
12 The report on the organization and evaluation of the Summer Institute is available from 
Dr. Walter L. Koltun, Principal Consultant, Biophysics and Biophysical Chemistry Study Section, 
m. 2020 Milvia Street, Room 300, Berkeley 4, California. The supply is limited. : 
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ee to the modern theories of 
valence, atomic and molecular orbitals have character- 
istic shapes and spatial orientation. The directional 
properties of the orbitals which are traced by valence 
electrons determine the structure of molecules and 
play an important role in chemical reactions. How- 
ever, the currently available molecular models do not 
portray these orbitals by their construction. 

To fill this gap, molecular models have been con- 
structed which attempt to represent atomic and molecu- 
lar orbitals as accurately as the current theories of val- 
ence and pertinent experimental evidence permit. This 
molecular model set is simple, consisting of a small 
number of basic units, and yet can be used to build 
models of a large variety of molecules, ions, and chemical 
intermediates. The model of a molecule is constructed 
so that first the models of atoms are assembled in the 
hybrid form required and then these atomic models 
are connected to form the model of the molecule. 

The Molecular Orbital Models (as they shall here- 
after be referred to) are based upon valence bond 
theory, which accounts for the shape and directional 
character of covalent bonds, and molecular orbital 
theory, which stresses the concept that polynuclear 
orbitals belong to the molecule as a whole. The atomic 
and molecular orbitals are shaped in accordance with 
the published v.b. and m.o. theoretical calculations 


_ (U1, 2, 3) and their dimensions on the relative scale 


conform to van der Waals radii obtained from X-ray 
diffraction (4). 

In the construction of Molecular Orbital Models of 
specific molecules, the principle of Gillespie and Ny- 
holm (5) can be profitably employed. This principle 


Based in part on a paper read before the Division of Chemical 
Education at the 137th Meeting of the ACS, Cleveland, April 
1960. 

The author is indebted to New York University for an Arts and 
Science Research Fund grant which made this work possible. 


Molecular Models Featuring 
Molecular Orbitals 


is based upon the observation that the pairs of electrons 
in a valency shell—irrespective of whether they are 
shared (bonding) pairs er unshared (non-bonding) 
pairs—are arranged in a definite pattern which depends 
only on their number. This principle appears to hold 
for the non-transitional elements. Its use greatly 
facilitates the decision as to which is the most reasonable 
hybrid state of a particular atom-member of a molecule. 


Geometry of Atoms and of Atomic Orbitals 


A fully saturated atom (an atom all of whose valence 
electrons are used in sigma bonds) approximates a 
sphere defined by its covalent radius. If the atom is 
not fully saturated, electronic lobes extend in definite 
geometric patterns beyond this covalent core of the 
atom. These lobes are traced by unshared electron 
pairs, a lone electron, or by electrons which form poly- 
nuclear pi orbitals. The sigma bond orbitals, located 
mainly between the atoms which they unite, do not 
contribute to the molecular volume aside from their 
effect upon the size of the covalent core of the atom. 

An atom can take a number of geometrical forms, 
and its volume can vary greatly, depending upon the 
molecule of which it is a part. Both the shape and 
the size of an atom depend on the state of its hybridiza- 
tion and also upon the number of unshared electron 
pair orbitals that it carries. The orbitals which con- 
tribute to the atomic volume over and above the volume 
of the saturated atomic core are here termed ‘volume 
orbitals.” 

Table 1 shows with specific examples the shapes and 
sizes which can be assumed by atoms of carbon, nitro- 
gen and oxygen in the sp* and sp? states of hybridiza- 
tion in the proper relative proportions to the saturated 
covalent core of the parent atom. It can be seen that 
as the number of 7 orbitals and unshared electron pair 
orbitals becomes larger, the volume of the atom increases 
and its shape becomes more complex. 


Table 1. The Shapes and Relative Sizes of the Carbon, Nitrogen, and Oxygen Atoms in Various Molecules 
NUMBER OF 
"VOLUME 
ORBITALS" NONE ONE sp3 ONE p ONE p, ONE sp* ONE p, TWO sp? 
GEOMETRY OF 
THE ATOMS 
EXAMPLES OF ¢ & CH3 C BENZENE PHENYL CARBANION 
MOLECULES OR IONS 
CONTAINING N NHg NH3 N N-METHYL- PYRIDINE (MINE ANION 
THE ATOMS: PYRIDINIUM ION 
315 re) H,0 XANTHYLIUM ION CARBONYL 
OXYGEN 


Using examples of specific molecules, the table illustrates how the relative size and shape of an atom depends on its of state hybridization and on the 


number of unshared electron pair orbitals. 
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The Design of the Molecular Orbital Models 


A set of molecular models should meet two basic 
requirements: it should be able to represent the largest 
variety of molecules in the greatest possible detail 
and it should have only a few simple components. The 
atom in the Molecular Orbital Model set has been de- 
signed to be assembled from the two basic parts, the 
covalent saturated atom core and the orbital caps. 
The latter represent unshared electron pair orbitals 
and also serve as components of polynuclear z orbitals. 
Since the covalent radius of a particular atom in a given 
state of hybridization does not vary appreciably from 
molecule to molecule, the covalent cores of atoms are 
rigid to compression, yet flexible enough to permit 
angle bending. On the other hand, the hydrogen atoms 
and the orbital caps representing the volume orbitals 
are resilient in order to reflect the compressibility of van 
der Waals radii. The bodies are made of Adiprene 
L-100' on the scale 1 A to 0.5 in. 

The components of the Molecular Orbital Model 
set are shown in Figure 1. The covalent atomic cores 
with short fasteners inserted into undersized holes are 
on the bottom row. The bodies in the upper corners 
are used in the representation of unshared electron pair 
and molecular pi orbitals. Two additional fasteners 
are included: one a modified thumbtack, the other a 
stick whose length can be adjusted. 


Figure 1. Components of the Molecular Orbital Models. Bottom row: 
covalent atomic cores with removable fasteners (left to right) tetrahedron, 
trigonal bipyramid, octahedron. Top row (left to right): one of the two p 
orbital lobes, a modified thumbtack fastener, a lobe representing hy- 
brid unshared electren pair orbitals. Middle: adjustable stick fastener. 


The indentation in the p orbital cap (Fig. 1, upper 
left corner) permits the representation of overlap of 
atomic p orbitals to form molecular pi orbital systems. 

The sp’, sp?, and sp orbitals have two lobes of unequal 
size (1). Since the smaller lobe is within the general 
space of the covalent core region, only that part of the 
above mentioned hybrid orbitals that corresponds to 
the larger lobe is made visible in the models (Fig. 1, 
upper right corner). 

The covalent atomic cores bear holes for fasteners 
that are used either to attach the orbital lobes or to 
connect the atomic cores together. The joining of the 
atomic cores represents the formation of a sigma bond. 
In agreement with theory, the pi bond is formed in the 
models by the parallel overlap of p orbital lobes. 


1 Adiprene L-100, a brand product of E. I. du Pont de Nemours 
& Co., Inc. 


The fasteners on the covalent atomic cores are ar- 
ranged in specific geometric patterns so as to permit the 
construction of atoms with the largest possible bond 
types. Only three spatial arrangements of fasteners 
are used, yet the number of possible bond types that 
can be constructed (6) exceeds that of any commer- 
cially available atomic and molecular models (see 
Table 2). - 


Table 2. Bond Types Which Can Be Constructed with the 
Molecular Orbital Models 


Spatial 
arrangement 
of 
fasteners Covalenc « Bond type 
Tetrahedron 2to4 Tetrahedral: sp’, d*s 
Trigonal bipyramid 2to5 Linear: sp*d 


Angular: ds ; 

Trigonal plane: d* 

transition state 

Bipyramid: spd, 
Octahedron 2 to6 Linear: sp, dp 

Angular: p?, ds 

Square planar: dsp?, d*p? 

Octahedral: d?sp* 


The atomic cores are colored, each bearing the color 
symbol of a specific atom. The colors used by the 
International Union of Crystallographers were chosen 
to symbolize each element: carbon, black; nitrogen, 
blue; oxygen, red; hydrogen, white. 

The lobes representing the volume orbitals can be 
either colorless or matched to the colors of the atomic 
cores. In the construction of molecular models that 
are to stress the polynuclear orbitals, colorless lobes 
have been used. Lobes matching the color of the 
parent atomic core are chosen to draw attention to the 
individual atoms and their form of hybridization. 

The modified thumbtack fastener permits the joining 
of the elements of the Molecular Orbital Models at any 
point and any desired angle or orientation in space, 
without the need of drilling permanent holes for the 
purpose. It is intended for use in the joining of mol- 
ecules to depict their arrangement in crystals, or in 
portraying unusual bond angles or valencies. 

With the help of the stick fasteners, the Molecular 
Orbital Models can be easily converted into a ball- 
and-stick molecular model set. The stick fasteners 
(Fig. 1) are graduated in decimal fractions of relative 
Angstrom units (5 cm = 1 A) and con be adjusted to 
any required length, being built of two parts sliding in 
and out of each other. Only one type of fastener is 
therefore needed to represent any relative bond length. 
With these provisions it is possible to represent ac- 
curately relative bond distances, bond angles, and 
spatial orientation of molecular orbitals. The relative 
sizes of the molecular orbitals, however, as well as the 
relative sizes of the covalent cores, have only a schematic 
function when a ball-and-stick representation is chosen. 
The ball-and-stick variation of the Molecular Orbital 
Models is especially suited for classroom demonstration 
and for the study of optical isomerism. 


Examples 


Fully Saturated Molecules. This class is comprised 
of those saturated molecules that have no unshared 
electron pair orbitals capable of forming additional 
bonds. Methane, for example, is such a molecule. 
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This class is adequately represented by available com- 
mercial models as well as the Molecular Orbital Models 
and no further discussion is necessary. 

Saturated Molecules with Unshared Electron Pairs. 
Water and ammonia belong to this class of molecules. 
Photographs of their Molecular Orbital Models are 
shown in Figure 2. 

In the ammonia molecule three hydrogen atoms 
(white spheres) and an unshared electron pair (blue 
lobe) are arranged tetrahedrally around the covalent 
core (blue sphere in center) of the nitrogen atom. 
Two hydrogen atoms and two unshared electron pair 
orbitals are seen to occupy the four corners of the tetra- 
hedron in the model of the water molecule (7, 8). The 


Figure 2. Neutral and protonated forms of water and ammonia. The 
water molecule (top left) is transformed into the hydronium ion (top right) 
by simply exchanging an unshared electron pair orbital cap for a hydrogen 
sphere. Similarly, the ammonia molecule (lower left) is changed into the 
"ammonium lower right). 


unshared electron pairs, available for coordination, 
characterize bases. Models of the ammonium ion 
and of the hydronium ion result from the models of the 
molecule of ammonia and water respectively when an 
unshared electron pair lobe is exchanged for a hydrogen 
sphere. Thus only Molecular Orbital Models can be 
used to build models of carboxonium ions such as those 
reported recently by Meerwein, et al. (9). 

Molecules with Simple pi Bonds. The Molecular 
Orbital Models are valuable in their ability to represent 
pi bonds. While the sigma bond is a sausage shaped, 
cylindrically symmetrical bond that does not occupy 
any additional molecular space aside from that already 
taken up by the covalent cores of the atoms, the double 
streamer pi bond located above and below the molecular 
plane contributes appreciably to the molecular volume. 
The difference between pi bonds and sigma bonds can 
be seen on the photograph of the model of allene (H,.C= 
CCH.) in Figure 3. 

Especially noticeable is the large volume occupied 
by the two perpendicular pi orbitals, and the absence 
of cylindrical symmetry of the middle carbon atom. 
The model, in agreement with experimental evidence 
(10), also demonstrates the absence of conjugation 
between the two pi orbitals in allene. 
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Figure 3. -Bonding in allene. The model demonstrates the shapes and 
the relative volumes of the two z orbitals lying in two perpendicular planes. 
The overlap of the atomic p-orbitals forming the 2 bonds is represented by a 
meshing of the p-orbital lobes. 


Molecules with Polynuclear Orbitals Extending Over 
More than Two Atoms. This class of molecules consists 
of two main groups, both characterized by a high 
resonance energy. The first group consists of aromatic 
molecules noted by the ring-shaped composite poly- 
nuclear orbital formed by a sextet of electrons. The 
second group comprises non-aromatic molecules that 
also have large polynuclear orbitals, none of which, 
however, closes to form a circle. To the latter class 
belong guanidines, amidines, nitrenes, amides of car- 
boxylic acids, ete. 

The most frequently encountered polynuclear orbital 
is the aromatic six-electron orbital which extends over 
rings of five, six, or seven atoms. An aromatic orbital 
can be seen in the photograph of the Molecular Orbital 
Model of the phenyl radical, (CsHs-), in Figure 4. 
It can be seen that the unpaired (radical) electron is in 
an sp? orbital which lies in the nodal plane of the aro- 
matic pi orbital. It follows that the interaction between 
the unpaired electron and a ring substituent can be due 
to induction but cannot be due to resonance. 


Figure 4. Phenyl radical. The geometric features of the aromatic 7 or- 
bital and the sp? lone electron pair orbital are shown. In agreement with 
theory, the model suggests absence of conjugation between the double- 
streamer doughnut-shaped aromatic orbital and the orbital traced by the 
unpaired electron. 


The guanidinium ion, C(NHz2);*, (Fig. 5) is a non- 
aromatic molecule-ion that has a symmetrical poly- 
nuclear orbital resembling the letter Y (11, 12). The 
orbital can be considered to be formed by the overlap 
of an imino pi bond with two unshared electron pairs 
on the two neighboring nitrogen atoms.’ It is of in- 
terest that urea, which has a Y-shaped polynuclear 
orbital analogous to the guanidinium ion, was found to 
have a resonance energy of 41 kcal/mole (13), a reso- 
nance energy larger than that of benzene. 


: 
> 
7 
- 
- 
j 
| 
E 
| 
A 


1es. 


sts 


tic 


Figure 5. Guanidinium ion. The model brings attention to the polynuclear 
Y-shaped, double-streamer orbital—the cause of the planar structure of 
the ion-molecule. 


The Hydrogen Bond. A simple replacement of an 
unshared electron pair orbital lobe with the hydrogen 
already bonded to another atom so as to keep the 
} ee H-Y axis (where X may be the same atom as 
Y) as linear as possible, yields a model of a hydrogen 
bonded complex that correctly approximates the relative 
bond distances and bond angles, e.g., the model of the 
dimer of formic acid, (HCOOH), (Fig. 6), is in agree- 
ment with the structure of the formic acid dimer as 
determined by the electron-diffraction method (14, 15). 


Figure 6. Dimer of formic acid. This model serves to illustrate hydrogen 
bonding in carboxylic acids. The protons of the hydrogen bonds are closer 
to one of the two oxygen atoms. The shape of the polynuclear orbital of 
the carboxyl group resembles the letter C. 


The Uses of the Molecular Orbital Models 


The models have been found useful in teaching under- 
graduate chemistry, in the study of the configuration 
and optical rotatory dispersion of atropisomeric biaryls, 
and in the investigation of the mechanism of organic 
and inorganic reactions. 

The influence of the shapes, sizes, and spatial orienta- 
tions of molecular orbitals upon the course of chemical 


Figure 7. Adenosine triphosphate. The geometric features of the many 
possible interactions between the orbitals present in the molecule of adeno- 
sine triphosphate can be observed by twisting the model into the desired 
conformations. 


reactions can hardly be exaggerated, and therefore a 
detailed representation of the molecular orbital struc- 
ture appears desirable. In simple molecules it is pos- 
sible to visualize or draw their molecular orbital struc- 
ture and thus dispense with molecular models al- 
together. Working with larger molecules of simple 
structure, one can assemble their models from any 
of the conventional model sets, and mentally project 
the molecular orbitals into the loci where they belong. 
In large complex molecules, however, such as abound 
among the natural products (see for example the model 
of adenosine triphosphate, Figure 7) it would be a re- 
markable achievement to form a mental picture of the 
complex molecular structure including all its mo- 
lecular orbitals and their relative orientation. We 
feel, therefore, that the Molecular Orbital Models are 
valuable in the investigation of biochemical processes. 
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A gas chromatography unit has been 
constructed in this laboratory from materials which are 
readily available with the exception of some of the 
electronic components and a matched pair of ther- 
mistors. A senior undergraduate student assembled 
this unit within one quarter as a special problem. The 
approximate cost of materials is $350, excluding re- 
corder; this price can be reduced substantially by us- 
ing materials normally on hand in a laboratory. Other 
home-made gas chromatographs have been described 
(1-4); the unit described herein incorporates features of 
added versatility and ruggedness. Experiments and 
specific applications in gas chromatography have been 
described (1, 5). 


1 Present address: A & M College of Texas, College Station, 
Texas. 


Figure 1. View of complete gas chromatographic unit with the exception 
of recorder. (A) Sample injection-flash evaporator units, (B) Column ovens, 
(C) Thermistor oven, (D) Control panel, (E) FROM HELIUM 
Soap-film flow meter, (F) Flow regulators, SUPPLY TANK 
and (G) Variable auto transformers. 


FLOW 
REGULATORS 
TWO-STAGE 
PRESSURE 
REGULATOR 


Figure 2 (right). Flow diagram for two- 
column unit. The sample can be injected 
into either stream. The other stream acts 
as a reference. 


506 / Journal of Chemical Education 


An Inexpensive Versatile Multi-Column 
Gas Chromatograph for Students 


The unit and its accessories, with the exception of re- 
corder and carrier gas supply, are mounted on a ply- 
wood platform provided with casters for portability 
(Fig. 1). As an alternative, the assembly could be 
compacted for use on a desk top. In this unit, two 
parallel columns are employed and are housed in sepa- 
rate ovens. Each column with its sample injection- 
flash evaporator unit is connected to one side of the 
thermal conductivity cell. Either column can serve 
as the preheater for the reference stream or as the 
chromatographic column. In essence, there are two 
parallel flows through identical systems, each of which 


- consists of three major sections: sample injection-flash 


evaporator system, the chromatographic column and 
heater, and the sensing system. This arrangement en- 
ables the two columns to be packed with different ma- 
terials, which permits different types of analyses to be 
accomplished without necessitating a change of columns 
or temperature. It is believed that the expense of the 
additional column is warranted because of the added 
versatility; however, the second column could be de- 
leted in the interest of economy. A flow diagram for 
normal operation is shown in Figure 2. An extension 
of the two-column scheme is the preparation of a bank 
of column-pairs, each column-pair having a thermal 
conductivity cell. Each column-pair and cell could be 
added to the unit at small expense, and this creates 
essentially a new chromatographic unit with each 
column-pair. The same circuitry and recorder could 
be used then for any column-pair by use of a multiple- 
pole gang switch. This would make available to an 
analyst many different types of columns at any desired 
temperature, and all column-pairs could be equilibrated 
simultaneously. Other points of versatility are that 
columns of any practical length can easily be placed in 
the unit and the entire unit can be readily and con- 
veniently disassembled. Also, the heating elements for 
the column ovens, thermistor block, and flash evapora- 
tors are controlled by individual variable auto trans- 
formers; this allows the use of many combinations of 
temperatures for instructional variety. 


SOAP-FILM 
FLOW METER 
COLUMN A 
CHROMATOGRAPHIC EXHAUST . 
COLUMNS TEES som 
— — | --.5 
THERMISTOR 
COLUMN B BLOCK 


i | 

| 
ad 
— INJECTION. 
FLASH | 
EVAPORATOR 
3 UNITS 
| 


4 | 


Figure 3. Brass flash evaporator unit, side section. (A) Well for ther- 
mometer, (B) Well for rubber septum, and (C) Well for cartridge heater. 


The sample injection-flash evaporator unit is a brass 
block with a chamber and a side port through which the 
sample is introduced into the stream of carrier gas. 
The unit is heated by a cartridge heater and is insulated 
with asbestos paste and Flexboard. The unit is sche- 
matically shown in Figure 3. A sample can be intro- 
duced, with a syringe and hypodermic needle, through 
the perforated screw and rubber septum (Perkin-Elmer 
154-1043). The sample injection unit also vaporizes 
liquid samples upon introduction to the chamber. The 
temperature of the chamber is measured by a ther- 
mometer placed in a well in the side of the brass block. 
The sample injection-flash evaporator unit is attached 
directly to the bottom of the column oven so as to 
eliminate cooling of the system at this point. The 
Swagelok fitting on the top of the injection chamber pro- 
trudes through the bottom of the column oven and is 
connected directly to one end of the column. 

The coiled column is heated by an oven consisting 
of a 12-in. length of 4-in.-diameter steel pipe, nichrome 
heating element, and insulation. The steel pipe is 
first wrapped with asbestos paper to insulate the ni- 
chrome heating element. The outer asbestos insula- 
tion is wrapped in cheesecloth and is painted with a 
suitable coating (Sauereisen cement is satisfactory). 
The top and bottom of the oven are square pieces of 
Flexboard which act both as the structural body and 
as insulation. The temperature of the oven is con- 
trolled by manual setting of a variable auto transformer 
and is monitored with a thermometer, either partial 
immersion glass or bimetallic dial type. The tempera- 
ture of the column itself is assumed to be approximately 
that of the oven, at reasonably low flow rates. Maxi- 
mum usable temperatures, to the exclusion of column 
packing material, are in the order of 450°C. 

The circuit diagram of the bridge is given in Figure 
4. A matched pair of thermistors is used in combina- 
tion with two 400-ohm resistors to form the basic 
bridge circuitry. Coarse and fine adjustments (10- 
turn precision potentiometers) are added to allow com- 
pensation for differences in flow rate, temperature, etc. 
The output signal is developed at the junction of the 
“sensing” thermistor and the resistor that forms that 
leg of the bridge. The junction of the other leg serves 
as a reference potential. Since the output signal of 
large samples is too great for a millivolt recorder an 
attenuator of precision resistors (Perkin-Elmer 154- 
0228) is used to decrease the output to the recorder by 
factors of two. The polarity of the signal reverses 
when changing from one thermistor to the other; there- 
fore, a reversing switch is needed to provide upscale de- 
flection when samples are injected into alternate col- 
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Figure 4. Circuit for bridge. 


umns. Power is supplied to the bridge by a 9-v battery 
(six 1'/2 v cells in series). A 500-ohm variable resistor 
is used in series with the 
battery to allow adjust- 1 | 
ment of the applied po- 
tential of 8 v, which is 
monitored by a 0-10 v Q} 
voltmeter. The bridge lt 
housing is easily removed ; 
for replacement of bat- 
teries. A null balance or vit ili 
potentiometric voltage 1 
recorder (5 millivolt or 
less), such as the Sargent J : 
SR or Leeds and Nor- 
thrup Speedomax G, is ~ 
utilized in conjunction Figure 5. Steel thermistor block, 
with the bridge. 2 

The two thermistors (matched, Fisher Scientific, SPM 
11-130-1-125) are housed in a steel block (Fig. 5). Each 
of the two streams of gases from the columns pass 
through the block by means of two parallel horizontal 
holes drilled lengthwise in the lower portion of the block. 
Vertical holes are also drilled through the top of the 
block into the center of each of the horizontal holes in 
the lower portion of the block. A shallow seat is also 
provided in the top of the two vertical holes. The 
thermistors, with their supports and electrical connec- 
tions, are placed in these vertical holes. The thermistor 
support is a cylindrical piece of metal with the lower 
portion having the diameter of the vertical holes in 
the block. It is able to protrude slightly into the 
lower hole; the upper portion of the support has the 
same diameter as the seat. This upper portion of the 
thermistor support is made to bear on an “O” ring that 
is placed in the seat of the vertical hole to insure no 
leakage. The entrance and exit tubing of the thermis- 
tor block are made similar so that either end can be con- 
nected to the top of the columns. Thermal conduc- 
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tivity detectors are available for $60—$100 from firms such 
as Gow-Mac Instrument Company, Madison, N. J., or 
Victory Engineering Corporation, Union, N. J. 

The oven for the thermistor block also employs the 
body-insulation of Flexboard as used in the column 


ovens. The oven is lined on four sides with nichrome 
wire which serves as the heating element. The out- 
side terminals for the heating element of the oven are 
covered by a metallic guard to prevent electrical shock. 

A soap-film flow meter is employed to determine the 
flow of the streams of gases through the two sides. 
The flow meter consists of a buret connected to one 
end of the run of a glass tee. A squeeze bulb, partially 
filled with soapy water, is attached to the other end of 
the run. The stream of gases, whose flow rate is to be 
determined, enters through the branch of the tee. The 


rise of a bubble in the buret is timed and the flow rate 
is calculated. With proper connections. the flow rate of 
either column can be measured. Regulation of flow is 
accomplished by use of pressure regulators (0-35 psi, 
Fisher 67581). 


The authors acknowledge the assistance of Mr. D. 
K. Davis. 
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The simple yet widely useful technique 
of paper chromatography is being introduced more and 
more into the introductory organic chemistry work.! 
Our students have used this technique to study sugar 
mixtures, to identify unknowns containing mono- and 
disaccharides and to identify amino acids in simple 
mixtures and protein hydrolysates. Instead of using 
the ascending techniques described in Fieser? we 
have employed the descending technique in large 
cylindrical or square glass jars equipped with glass 


trays and stainless steel holders. 


One such square tank containing four trays gives 
space for students to develop 16 chromatograms each 
4 in. X 22 in. This can be done overnight in a slow 
moving solvent mixture such as 10-3-3 butanol-pyridine- 
water or in a few hours with the fast moving solvent 
9-2-2 ethyl acetate-acetic acid-water mixture. Both 
of these mixtures are well adapted for resolving sugars. 
For amino acid separation we have had excellent results 
with the 63-10-27 butanol-acetic acid-water mixture. 
(All the ratios quoted are by volume.) A 4-in.-wide 
strip of paper enables a student to spot his unknown 
together with two knowns or two known mixtures an 
inch apart at the start and still have the outer spots an 
inch from the edge. The last precaution avoids con- 
fusing effects associated with spots on the edge. In- 
expensive but very satisfactory spotting tubes can 
be made from capillary melting point tubes drawn 
down to a much smaller diameter. 

An interesting application of the use of paper chroma- 
tography is in the study of enzyme action. Simple 
8-glucosides are hydrolyzed cleanly and rapidly in the 
presence of §-glucosidase and this action is easily 
followed chromatographically using only micro 


1 See, for example, TH1s JoURNAL, 37, 49, 156, 293 (1960). 
2? Fieser, Louis F., ‘Experiments in Organic Chemistry,” 
3rd ed., D. C. Heath & Co., 1955. 
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Demonstrating Enzymatic Hydrolysis of 
Glucosides by Paper Chromatography 


amounts. In each of two 13 X 75-mm test tubes place 
about 5 mg of the glucoside salicin.* Dissolve each 
sample in about 1 ml of water. To the solution in one 
of the tubes add one or two milligrams of 6-glucosidase.* 
After one hour spot a few microliters of the contents of 
each tube and a spot of glucose solution on the chroma- 
tographic paper. Develop this chromatogram either 
overnight in the 10-3-3 BuOH-pyridine-H,O or two 
hours in the 9-2-2 EtOAc-HOAc-H,0. 

At the end of this time the chromatograms are re- 
moved from the tanks, the solvent front is marked and 
they are dried in the hood. The spots are brought out 
with modified silver spray.6 Under the salicin in water 
alone should appear one spot for salicin at R; about 
0.62 in the 10-3-3 solvent mixture. Under the salicin 
with glucosidase should appear the prominent glucose 
spot at R; 0.17 and salicyl alcohol at R; 0.87, while 
complete hydrolysis is shown by the fact that no spot 
appears at the R; of salicin. Under glucose there 
appears the prominent spot at R; 0.17. If one desires, 
an extenstion of the experiment can be conducted as 
follows: Make duplicate chromatograms as described 
above. Spray one chromatogram with the modified 
silver spray and the other with diazotized p-nitraniline 
followed by sodium carbonate solution. This spray 
causes the salicyl alcohol spot under the hydrolysate to 
appear as a bright rose colored spot due to coupling 
action of the phenol with the diazonium spray. No 
color appears either under the glucose or the salicin in 
this case because of the inability of these substances to 
react with the diazonium spray. 


3 Arbutin can be substituted for salicin in which case both the 
original glucoside and the aglucone give colored ‘spots with the 
diazonium spray. 

4 Obtainable from the Nutritional Biochemical Corp., Cleve- 
land, Ohio. 

5 Peart, I. A., AND Daruina, S. F., J. Org. Chem., 24, 735 
(1959). 
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Ny pure and Halliwell! have made a 
valuable contribution to the teaching of chemistry 
with their geometric approach to extensive properties. 
We shall show that their method may be profitably 
extended to explain the application of the calculus to 
such problems. In particular, we shall use geometry 
to illustrate the derivation and application of the Gibbs- 
Duhem equation. 

We consider an extensive property, such as the 
volume V of a system of two components at some con- 
stant temperature and pressure. In Figure 1 the 
volume is plotted vertically; the number of moles of 
the two components, nm, and mz, are plotted on the 
horizontal axes. As shown by Nyburg and Halliwell, 
the. surface representing V is generated by a series of 
straight lines through the origin. The surface itself 
may be curved as shown in Figure 1. The point A 
represents V,°, the volume of one-mole of pure com- 
ponent 1; B represents V2°. 


A 


Figure 1. Volume of a system of two components. 


We now ask how the volume changes when mn, and 
m2 are changed arbitrarily by an infinitesimal amount: 
that is, when n; is changed by an amount dn, and nz by 
an amount dn. This process is illustrated in Figure 
2. Westart with the volume V, at point A. For the 
sake of brevity we shall say the volume equals A at 
point A, that is, the volume is given by the vertical 
distance of point A above the basal plane. As m is 
increased by an amount dn, the volume increases ‘to 
B. Thus, the increase in volume is B—A or B—A’. 
We suppose for a moment that AB is a straight line. 


The slope of AB is the rate at which the volume changes 
with respect to nm, when ne is held constant. In other 


1 Nysura, 8. C., anp H. F., J. Coem. Epuc., 38, 
123 (1961). Note that on page 125 mn; and nz were interchanged 
through a typographical error [see J. Cuem. Epuc., 38, 329 
(1961)]. 


A Geometric Approach to the 
Gibbs-Duhem Equation 


words, the slope is the partial molal volume of com- 
ponent 1, V;; in terms of the calculus it is (OV /On),,. 
We can now state the following: 


B- A’ = dn, => Vidn, (1) 


In general, of course, AB will not be linear. However, 
it is shown in elementary calculus that equation (1) 
becomes true in the limit as the change in n, (and hence 
in V) becomes infinitesimally small; B—A’ then be- 
comes dV. In a similar way V increases from B to 
C as m2 is increased by an amount dn. The total 
change in V can now be given as: 
dV = dn + (=), dn, = + (2) 
In equation (2) dV is the total differential of V. The 
above exposition is not a rigorous derivation of dV, 
but it does provide an easy way to visualize dV and 
see what it means. 


Relations Between Partial Molal Quantities 


All the straight lines which form the volume surface 
in Figure 1 are lines of constant composition; that is, 
along any one line the ratio n;/n2 is constant. How 
can we write the equation of one of these lines? 

We first note that as we proceed out from the origin 
along any line of constant composition we merely 
add more and more of the same substance. For example 
if we start with ethanol and water in the molar ratio 
0.6/0.4 and add more ethanol and water in the same 
ratio, we will remain on the same line of constant 
composition. Every sample of such a mixture must 
have the same intensive properties as every other sample. 
It follows that the partial molal quantities will re- 
main constant. 

This being so, we may integrate equation (2) and 


Figure 2. Change of volume with increase of n and no. 
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Figure 3. Free energy of mixing two components. 


obtain the familiar result 
V= mVi + (3) 


It is to be noted that equation (3) applies only to one 
straight line on the volume surface with a constant ratio 
of m to m. If we had the appropriate values of V; 
and V2 we could in theory establish an infinite number 
of lines and obtain thus the entire surface. 

It will be better not to perform this labor but to do 
something else. Imagining that we have established 
the surface, we may take the opportunity to walk 
about on it at will. That is, we need not keep to a 
line of constant composition but may let m and ne 
vary independently. This will amount to differentiat- 
ing equation (3) without holding V; and V2 constant. 
The result is 


dV = mdVi + Vidny + nod V2 + Vednz (4) 


The dV we obtain in this way is the total differential 
of V and must be identical with dV in equation (2). 
It follows that the first and third terms on the right- 
hand side of equation (4) together equal zero. That is, 


mdVi + mdV2 = 0 (5) 


Of course, the intensive properties change only with 
a change in composition. To make this fact explicit 
we divide equation (5) through to obtain either of the 


two forms: 


The subscripts in equation (6) remind us that through- 
out this derivation we have been keeping to a constant 
pressure and temperature. 

Equation (6) provides an extremely useful relation 
betweeen the two partial molal quantities. For ex- 
ample, if one has found an equation to express the 
variation of V; with composition, equation (6) permits 
one immediately to write down an equation for the 
variation of V2 with composition. Equation (6) is 
one of those fundamental relationships which must 
be true; an apparent violation indicates there is some- 
thing wrong with the data. 


The Gibbs-Duhem Equation 


To obtain the Gibbs-Duhem equation we merely 
start with the Gibbs free energy F instead of the volume. 
Since the absolute value of free energy is an indefinite 
quantity we are really interested in AF, that is, the 
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free energy of the system minus the free energy of the 
components. Since AF is zero for either component, 
the AF surface includes the n, and nz axes (Fig. 3). 
Since Figure 3 applies to a realizable mixture, the value 


of AF is everywhere negative or zero. We plot the 
negative of AF in the figure, because the eye would 
be confused by a surface falling below the basal plane. 

The partial molal free energy (or chemical potential) 
of component 1 is 4; corresponding to V; in the volume 
case. Similarly, wu: corresponds to V2. Thus, one 
form of the Gibbs-Duhem equation can be obtained 
directly from equation (5) as 


+ nedus = 0 (7) 


This important equation establishes a relation be- 
tween the chemical potentials, 4; and uz. We shall want 
to follow this relation across an entire one-mole-total 
diagram from pure component 1 to pure component 
2. But before we do this, we shall put equation (7) 
into a more convenient form. 

We change ; and nz into mole fractions x; and 22 
by dividing through by (nm; + m). Letting x be the 
independent variable, we obtain 


dai) p.r P.T 


which is more useful after rearranging to 


This equation is very useful for qualitative deductions 
as well as quantitative. For example, consider the 
case of the ideal solution? graphed in Figure 4. The 
equation for component 1 is 


m° = RT Inn (9) 


Figure 4. Chemical potentials in an ideal solution. 


In equation (9), u4:° is the chemical potential of pure 
component 1. The same equation, with change of 
subscript, applies to component 2. 

Equation (8) tells us that where the slope of the 
curve for one component is negative, the slope for the 
other is positive; we see in Figure 4 that Ou,/Odz; is 
everywhere positive and Ou2/dx, everywhere negative. 
Also, in accord with equation (8), the slope of each curve 
approaches + infinity as the corresponding mole frac- 
tion approaches zero. Furthermore, where x; = 22 


2? J. H., Scort, R. L., “The Solubility of 
Nonelectrolytes,’’ 3rd ed., Reinhold Publishing Corp., New 
York, 1950, pp. 20-21. 
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in the center of the plot one slope is exactly the negative 
of the other. 

It is still more interesting to consider non-ideal 
systems containing maxima and minima, such as the 
one graphed in Figure 5. Equation (8) tells us that 
where one component has a maximum (zero slope) 
the other will have a minimum (zero slope). These 
maxima and minima are usually the result of a large 
excess enthalpy of mixing. This follows because the 
partial molal enthalpy is zero for the pure component 
and tends to be maximum at infinite dilution. How- 
ever, at infinite dilution the entropy dominates the 
curve as it approaches minus infinity; so a positive 
enthalpy can dominate only toward the center of the 
plot. 


Figure 5. Chemical potentials in a mixture exhibiting phase separation. 


A diagram such as Figure 5 warns us to expect phase 
separation. Component 1 can find two compositions 
(A and B) in which it has exactly the same chemical 
potential; at these same compositions component 2 also 
has equal chemical potentials. Any composition falling 
in the region where the curves are dashed will separate 
into two phases having compositions A and B. Phase 
separation indicates that the total free energy of the 
system is higher between compositions A and B than it 
isat A (or B). We see this condition in Figure 3, which 
is drawn for a system exhibiting phase separation. 
We follow the line across the surface (one-mole-total 
diagram) and find, starting from either axis, that the 
free energy first decreases, passes through a valley, 
goes over a hill and through another valley, and finally 
increases to the other axis. The two inflection points 
in the AF curve fall at exactly the same compositions 
as the maxima and minima in the corresponding curves 


for the chemical potentials (such as those in Figure 5). 
This becomes obvious when one recalls the intercept 
method for computing partial molal quantities from a 
one-mole-total diagram. 

As another application of the Gibbs-Duhem equation 
we cite an example from polymer solution theory. The 
chemical potential of the solvent is usually expressed 
by the Flory-Huggins relation: 


— = RT[In(1 — v2) + (1 — + (10) 


In this equation v2 is the volume fraction of polymer, zx 
is the number of segments in the polymer chain, each 
of which is the same size as a solvent molecule, and 
x1 is an interaction parameter. The corresponding 
equation for the polymer is 


= RT [Inv2 (x V2) + xr(1 V2)?] (11) 


Fairly recently, Tompa‘ brought equation (10) in 
better line with most data by adding an empirical 
term. His expression is 


— mi? = RT[In(1 — ve) + (1 — + xe? + (12) 
One might think at first blush that equation (11) should 
be similarly expanded by addition of x2x(1-v2)*, but 
the Gibbs-Duhem equation tells us this is not so. If 
xi and x2 are to have the same values as in equation 
(12), then the proper expression for the polymer is 
He — = RT (Inv. + (1 — z)(1 — m2) + 

(x1 + 3/2 x2) — v2)® — xer(1 — (13) 
The most convenient form of the Gibbs-Duhem equa- 
tion for checking the correspondence of equations 


(12) and (13) is 


Conclusions 


Application of the calculus to extensive and intensive 
properties can be made clear and easy to remember by 
means of a geometric approach. The Gibbs-Duhem 
equation, an important and useful equation, is amenable 
to such treatment. 


3 Fiory, P. J., “Principles of Polymer Chemistry,’’ Cornell 
University Press, Ithaca, N. Y., 1953, pp. 495-518. 

‘Tompa, H., “Changements de phases,’’ Société de chimie 
physique, Paris, 1952, pp. 163-5. 


Volume Ill of Dreisbach’s Physical Properties Series 


“Physical Properties of Chemical Compounds—III’”’ is the title of Number 29 in the “Ad- 


vances in Chemistry Series.”’ 


The information is provided in the format adopted by the author, Mr. Robert R. Dreisbach, 
for his earlier compilations, originally prepared for workers in the laboratories of the Dow Chemical 


Company. 


Volumes I and II appeared as Numbers 15 and 22 of the “Advances in Chemistry Series.’’ 
The present work includes data on the physical properties of 434 aliphatic compounds and 22 
miscellaneous compounds and elements. Of these, 22 are tables of improved values for com- 
pounds included in Volume II (Advances No. 22). This brings the total number of substances 
treated up to 1421. This volume also includes a combined index to the tables in all three volumes. 

Copies can be ordered for $6.50 from Special Issue Sales, American Chemical Society, 1155 


Sixteenth St., N.W., Washington 6, D. C. 
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William F. O’Hara, 
Ching-Hsien Wu 
and Loren G. Hepler 
University of Virginia 
Charlottesville 


I is our belief that research in solution 
calorimetry provides excellent training for under- 
graduates, even for those who have not yet formally 
studied thermodynamics or physical chemistry. Two 
accounts of calorimetric investigations carried out in 
large part by undergraduates at this institution have 
recently been published (/, 2). In the course of this 
research several undergraduates have learned about 
precise electrical measurements, preparation and anal- 
ysis of pure compounds, simple thermodynamic calcula- 
tions, use of the chemical literature, and a little glass 
blowing. Finally, we believe that the undergraduates 
who have done solution calorimetry here have en- 
joyed it. 

A few words about some of the kinds of solution 
calorimetry research that are suitable for undergrad- 
uates may be in order. Because of the limited time 
most undergraduates can devote to research and be- 
cause even this limited time is often fragmented, we 
believe it is nearly essential that work be restricted to 
stable compounds so that compound preparation and 
analysis need not immediately precede the calorimetric 
work. It is also desirable to avoid explosive or highly 
toxic compounds. 

Most of the calorimetric investigations so far carried 


. out in this laboratory by undergraduates have involved 


determinations of heats of solution of inorganic solids 
in water or aqueous solutions. Results of these de- 
terminations have been used for calculation of partial 
molal entropies of aqueous ions and standard heats of 
formation of inorganic salts and of aqueous ions (1, 2). 
There are many more similar heats of solution that 
can profitably be investigated. In general, we believe 
that such heats should be determined only for those 
compounds for which the data obtained can be used in 
some thermochemical calculation. 

Investigations of heats of ionization of weak acids in 
aqueous solution, especially organic acids, are attractive 
for the undergraduate (or other) researcher. Some 
recent reports of investigations of this sort illustrate 
the calorimetric methods and the thermodynamic 
calculations that can and should be carried out (3-11). 

There are many complex ion systems worthy of cal- 
orimetric investigation. If equilibrium constants for 
stepwise formation of the complex are known, it is 
possible but not often easy to obtain AH for each step. 
It is usually, however, relatively easy to obtain the total 
AH for formation of the complex ion that is formed in 
presence of excess ligand and it is this AH that is often 
most useful for thermochemical calculations. Most 


The financial support of the National Science Foundation and 
the Alfred P. Sloan Foundation is gratefully acknowledged. 


512 / Journal of Chemical Education 


Temperature and Power Measurements 
in Precision Solution Calorimetry 


enthalpy data for complex ions have been obtained from 
temperature coefficients of equilibrium constants, but 
some data have been obtained calorimetrically (12-15). 

It is apt to be more difficult to find suitable oxidation- 
reduction reactions for meaningful calorimetric investi- 
gation than to find suitable reactions or compounds for 
investigations of the kinds already mentioned. Many 
oxidation-reduction reactions in aqueous solution re- 
quire high temperatures to proceed at a suitable rate; 
others are not quantiative or involve ill defined species. 
Nevertheless, oxidation-reduction reactions. are well 
worth careful consideration because AH and especially 
AH? data for such reactions can be quite useful. 

We have built a new calorimetric apparatus for 
precise measurement of heats of solution and heats of 
reaction in solution. Throughout the planning and 
construction of this apparatus we have given attention 
to making it reasonably inexpensive and also suitable 
for duplication and operation by undergraduates. 
Usually the greatest difficulty and expense in setting 
up for precision solution calorimetry is associated with 
temperature measurement; it is to this topic and to 
power measurements that this paper is mostly devoted. 


Calorimetric Apparatus 


A schematic diagram of our apparatus is given in 
Figure 1. Because the calorimeter is a Dewar vessel 
in only indirect contact with the water bath and be- 
cause reaction periods are short (usually 0.5 to 5 minutes 
for heats of solution and about the same for many 
reactions), it is sufficient to control the bath tempera- 
ture with a simple home-made mercury regulator and 
a commercial relay. It is easy to keep temperature 
oscillations down to about 0.02° in this fashion and with 
some care oscillations can be made smaller. 

We have also found it satisfactory to control the 
bath temperature in another way. Room temperature 
is a little lower than the usual operating temperature 
of the bath so the bath loses heat to the room. The 
power input to an electric heater in the bath has been 
adjusted with a Variac until heat input nearly matches 
heat lost to the room. Short term temperature 
oscillations are thereby made insignificantly small but 
the bath temperature does tend to drift, often by about 
0.05-0.08°/hour. A nearly steady drift of this magni- 
tude does not adversely affect calorimetric investiga- 
tion of rapid processes. 

The constant temperature bath is always operated 
about 0.4° higher than will be reached by the contents 
of the calorimeter at any time during the experiment. 
This insures that all temperature-time drifts (d7'/dt) 
will be of the same sign (positive). Further, it is 
desirable to have the top of the calorimeter and the 
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exit tubes warmer than the contents of the calorimeter 
to minimize evaporation and condensation of the 
calorimetric fluid. 


Figure 1. Schematic diagram of calorimetric apparatus. A, metal can; 
B, aluminum plug for Dewar; C, Dewar (with standard taper neck); D, 
home made pyrex stirrer; E, glass sample bulb, which is broken on bottom of 
Dewar to introduce the sample; F, silver or copper cylinder to which heater 
and thermometer are attached (this cylinder is covered with another cylin- 
der and then painted with appropriate protective finish); G, heater; H, 
thermistors; |, stainless steel support and lead wire tubes; J, grooved flange, 
O-ring seal; K, pulley and bearing system connected to phonograph motor 
to turn stirrer; L, pinch clamp to hold or release stirrer; M, exit tube for 
heater and thermometer lead wires. 


Temperature Measurement 


The principal aim in choosing and designing a tem- 
perature measurement system was to secure sensitivity 
considerably better than 0.001° without excessively 
complicated construction and with minimum depend- 
ence on expensive instruments. We chose to base our 
system upon a potentiometer rather than a resistance 
bridge because a potentiometer is generally a more 
versatile instrument than is a resistance bridge and can 
readily be used in many physical chemistry experiments 
or for non-calorimetric research. Also, a good po- 
tentiometer costs less than does a good resistance 
bridge. 

A brief account of our reasons for rejecting thermo- 
couples or multiple junction thermopiles for tempera- 
ture measurement is in order. A 50-junction thermo- 
pile gives about 20,000 uv/deg (uv = microvolt = 
10-*v), which can also be expressed as 5 X 10° deg/uv. 
When the cold junctions are at 0°C, the output of a 
50-junction thermopile is (2 xX 104 wv/deg) X (25 
deg) = 0.5 v. Potentiometers such as the Leeds and 
Northrup K-3 and the Rubicon Type B have or ap- 
proach microvolt sensitivity when the voltage being 


measured is small enough. “Small enough” is much 
less than 0.5 v. It is possible to avoid this difficulty 
and some others by making use of the twin calorimeter 
principle, but it is our belief that the many problems 
associated with proper construction and operation of 
twin calorimeters make this alternative incompatible 
with our aims. It might also be mentioned that con- 
struction of a 50-junction thermopile from fine wire is 
not a trivial task. 

Several workers have described various modifications 
of the basic Wheatstone bridge circuit that permit pre- 
cise temperature measurements with a resistance ther- 
mometer (1/2, 16, 17). None of these modifications 
adequately satisfied all of our criteria of simplicity of 
construction and operation and of inexpensiveness. 

Thermistors are an obvious possibility for use in 
precise measurement of small temperature changes 
because of their large temperature coefficient of re- 
sistance and they have been used for this purpose in 
varous Wheatstone bridge circuits. We have had 
better success (at least with respect to our criteria) with 
a Maier transposed bridge circuit (18) adapted for use 
with commerciaily available thermistors and inexpen- 
sive resistors. A simple schematic of the Maier circuit 
is shown in Figure 2. Temperature sensing elements 
in this bridge have been made of copper by Maier and 
others (19, 20). Sensitivity and measuring current 
data for two of the best Maier bridges are summarized 
in Table 1. 


Table 1. Sensitivity and Measuring Current Data for Maier 


Bridges 
Sensitivity Measuring 
Investigator (deg/uv) current 
Southard (19) 10-5 0.002 amp 
Spedding and Miller (20) 3X 10-4 0.005 amp 


Bevause dR/dT is larger for thermistors than for 
copper or other metals, better sensitivity than either 
of those quoted above can be obtained by substituting 
thermistors for the copper arms of the Maier bridge 
and this is what we have done. It is also possible to 
further improve the sensitivity by combining thermis- 
tors (dR/dT is negative) with copper or nickel (dR/dT 
is positive) in opposite arms of the bridge and putting 
all four elements in the calorimeter. Our experience 
has been that the extra improvement in sensitivity 
so achieved is not worth the extra difficulty associated 
with matching the resistances of the four arms. 


POTENTIOMETER 


POTENTIOMETER 


Figure 2. Schematic of Maier transposed bridge. Both T's represent tem- 
perature sensitive resistances inside the calorimeter and both F's represent 
fixed resistances outside the calorimeter. 
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We have used three Victory Engineering Corporation 
1000-ohm thermistors (No. 31D34; $1.00 each) silver- 
soldered in parallel for each of the temperature sensitive 
arms of our bridge. This arrangement minimizes 
the 7?R heat developed in the thermistors by the meas- 
uring current and permits us to take advantage of the 
large dR/dT and small size of high resistance ther- 
mistors. 

Our bridge circuit is shown in detail in Figure 3. 
Resistances of R; and R; were selected to make the 
potential measured by Potentiometer 1 (called EF, 
hereafter) be positive above 24.6° and negative below 
24.6°. Resistors Ri, Re, Rs, Rs, and Rs are from Gen- 
eral Radio Company and cost $5.50 each. These 
resistors have low temperature coefficient of resistance. 


Ro 
POTENTIOMETER | 


Re POTENTIOMETER 2 


Figure 3. Detailed schematic of our Maier bridge circuit. 

R, 1,500 ohm resistor 

20,000 ohm resistor 

Ry, decade box 

Rs; 300 ohm resistor (immersed in a can of oil) 

R, and Rg 300 ohm resistors 

R; and R; Resistors selected to make arms of bridge match at 24.6° (E, = 
0), in this case about 40 ohms each 

T  thermistors immersed in calorimeter 


Most of our work has been done with about 0.003 
ampere measuring current from a 6-volt lead storage 
battery. The current is maintained constant to about 
7 X 10-* ampere, corresponding to ZH, maintained con- 
stant to within 2 X 10-* volt by adjustment of Ry. 
Better apparent temperature sensitivities can be ob- 
tained by using larger measuring currents but this 
makes current control a little more difficult and is also 
undesirable because of heating of the thermistors. 

Our bridge has been calibrated (0.003 amp measuring 
current) between 23 and 27°C by comparison with a 
mercury-in-glass thermometer previously calibrated 
at the Bureau of Standards. We found dE,/dT = 2.3 
X 104 wv/deg at 25°C. Sensitivity is conveniently 
expressed as 4.3 X 10-° deg/uv. This thermometer 
sensitivity is considerably better than sensitivities 
reported by earlier workers who used copper arms in 
Maier bridges (see Table 1). Our temperature sensi- 
tivity is comparable to that obtained by use of a Mueller 
G-2 bridge and is much better than that obtained with 
a Beckmann thermometer. 

One mm deflection of the galvanometer used with 
Potentiometer 1 (1 meter light path) corresponds to 
1.4 wv so our thermometer sensitivity can also be ex- 
pressed as 6 X 10-* deg/mm. This sensitivity can 
be improved by using an amplifier null detector, which 
is more expensive than a galvanometer, or by using a 
longer light path, which requires extra care to eliminate 
the effects of vibration. 
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Since our calorimeter was completed, Vanderzee 
and Myers (21) have described their new solution 
calorimeter in which temperature is followed with a 
thermistor bridge. They report sensitivity of 5 X 10-5 
deg/uv with an unspecified measuring current. They 
also comment on the stability of the calibration of their 
bridge. Our experiences with thermistors are in agree- 
ment with their observations. 

Several descriptions of other calorimeters have been 
published in THis JouRNAL and comparison of these 
calorimeters (especially the temperature measuring 
systems) with ours is in order. Slabaugh (22) has 
described a fine calorimeter that can be used for a 
variety of investigations. He used a Mueller G-2 
bridge for temperature measurement and had slightly 
better temperature sensitivity than we have. Because 
the Mueller G-2 bridge is an expensive instrument that 
is generally used only for temperature measurement 
with a resistance thermometer, temperature measuring 
systems like that described by Slabaugh (22) may be 
too expensive for many would-be users. The same 
objection can be raised to the temperature measurement 
system previously used in this laboratory (23, 24). 

Mowery (25) and various others (13, 26) have de- 
scribed simpler calorimeters which are useful for some 
purposes, but their temperature sensitivities between 
about 0.01 and 0.001° are not good enough for proper 
investigation of many solution processes. 

It is possible to use a DPDT switch so that the same 
potentiometer is used for measuring F, and also for 
periodically checking Z,. Our experience leads us to 
recommend against this arrangement because R, must 
usually be adjusted right after a heating period or re- 
action period in order to bring FE. back to the chosen 
constant value and it is desirable to be getting FE, 
readings regularly and as soon as possible after drifts 
have become constant. We find this is best done when 
one operator uses Potentiometer 1 for EZ; readings and 
another uses Potentiometer 2 and adjusts R,. It 
is, however, possible to check the potential drop across 
R; by balancing part of that drop against the potential 
of a standard cell, thus making it possible to get by in a 
reasonably convenient way with only one potenti- 
ometer. 


Power Input and Measurement 


The heater circuit (Fig. 4) has been made as simple 
as possible. The dummy heater is made of manganin 
wire wound on a copper tube enclosed in glass and im- 
mersed in oil. The calorimeter heater consists of 


DUMMY 


CLOCK 


al] 


Wr 
DP DT SWITCH WITH ATTACHED 
SPST SwiTcH 


Figure 4. Schematic of calorimeter heater circuit. The potentiometer indi- 
cated above is also used to check the potential drop across R; (see Fig. 3). 
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about 200 ohms of No. 32 enameled manganin wire 
with No. 24 copper leads to binding posts on the top 
of the aluminum plate. Power for the heater is sup- 
plied by lead storage cells. The clock used is a Model 
S-10 from Standard Electric Time Company ($55) 
that is turned on when the triple pole switch is closed 
in the calorimeter heater position. 

The calorimeter calibration heater should be of as 
high resistance as is practical. It is only in this fashion 
that lead resistance can be made nearly negligible with 
respect to heater resistance without using very large 
lead wires, which are undesirable because they are an 
excellent heat path in and out of the calorimeter. 
Further, it is easier to get a small constant current than 
a large constant current. We never use heater current 
larger than 0.2 amp and it is usually smaller 

It is ordinarily unnecessary to use a constant fre- 


~ quency power supply (based on a tuning fork or other 


oscillator) to drive the clock motor because the local 
power company maintains frequency between 59.99 
and 60.01 cycles/second most of the time with only 
occasional changes to 59.97 or 60.03 cycles/second. 
Our timing uncertainty in a one-minute heating period 
is not worse than 0.1%. A good stop watch can be 
used for most work; the uncertainty then is no more than 
about 0.3% for a one-minute heating period. 

The heater circuit we use is satisfactory only if the 
effective resistance of the heater during a heating period 
can be adequately determined before or after the calori- 
metric experiment. This requires that the heater re- 
sistance must not change significantly with time nor 
with the temperature changes involved in the calori- 
metric experiment. Manganin wire is used so that 
dR/dT is small. Heat exchange with the calorimetric 
liquid is good so that the heater never gets very hot. 
It is verified by regular determination of the heater 
resistance that this resistance is nearly constant with 
respect to time. 

The standard resistance used in the heater circuit 
has at various times been a one-ohm standard (Leeds 
and Northrup, $57) or a home-made manganin re- 
sistance standardized in terms of the one-ohm standard. 
The resistance of the heater has been determined by 


comparison with the one-ohm standard and also by 
comparison with a 100-ohm standard. The dummy 
resistance is made to match the sum of Rs and Rx to 
within two ohms. 

Pitzer (16) has described a heater circuit involving a 
standard cell, some resistors (one variable) and a 
galvanometer. This circuit is more trouble to set up 
than is ours but may be more economical because it 
does not require a potentiometer. 
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Substitute for Separatory Funnels 


Marcel Jean 
Université Laval, Quebec, Canada 


A convenient substitute for a separatory funnel can 
be made from a conventional polyethylene wash bottle 
by the simple device shown in the photograph. Cap A 
is the usual tight-fitting closure which can be used to 
seal the bottle during the shaking necessary to effect 
extraction. After the phases have separated, it is 
replaced by cap B. This is a wash bottle cap modified 
by cutting off the bottom of the delivery tube flush 
with the under surface of the cap. Squeezing the 
flexible bottle forces the liquid out of the bottle; pres- 
sure is released when the last drop of the desired 
phase has cleared the delivery tube tip. 
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Stephen W. Tobey’ 
West Virginia Wesleyan College 
Buckhannon 


The transference cell shown in the 
figure is considerably easier to construct and operate 
than similar simple cells described earlier®»* for deter- 
mining cation transference numbers by the moving 
boundary method, and the necessary materials for its 
construction will usually be readily available in any 
chemistry laboratory. 

To prepare the cell for use, the upper (cathode) 
chamber is filled with the solution to be used in the 
experiment, a beaker is placed under the anode, and 
the anode stopper is momentarily loosened. The 
downward sweep of electrolyte effectively frees the 
capillary of any impurities or air bubbles present. 


KNURLED THUMB COPPER COUPLING 
SOLDERED JOINT 2 HOLE 
GLASS TUBING VENT 

RUBBER STOPPER 

R 13x 100mm P 
Wikt TEST TUBE WITH 
25x 100mm OWN 
TEST TUBE 


RUBBER STOPPER 


0-1.0 mi Pyrex 
PIPETTE WITH 
0.02 mi DIVISIONS 


The cell has been used to determine the transference 
number of H* ion in dilute HCl solutions. Malachite 
Green Oxalate‘ indicator is more satisfactory than the 
usually specified Methyl Violet in these experiments 
because it does not decolorize. If a strip of white 
paper is taped to the back of the condenser jacket the 
ascending column of colored solution is much easier to 
see. 


1 Present address: University of Wisconsin, Madison. 

2? DANIELS, FARRINGTON, MATHEWS, JosEPH H., ET AL., “Ex- 
perimental Physical Chemistry,’’ 5th ed., McGraw-Hill Book 
Co., Inc., New York, 1956, p. 150. 

3 Lonesworts, L. G., J. Cuem. Epuc., 11, 420 (1934). 

4 Eastman Kodak No. 1264. 
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Simplified Moving-Boundary 
Transference Cell 


The predominate anode reaction during operation is 
Cu — Cutt + 2e, 
although the deposition of a small amount of a white 


precipitate on the tip of the anode during operation 
suggests that the reaction sequence 


Cu — Cut + le 
Cut + Cl-— CuCl J} 
may also be occurring simultaneously. The mobilities 


of Cut+*+ and Cd+* are almost the same, so that no 
difficulty is created by substituting Cu for Cd in the 


- anode. The cathode reaction is simply 


2H+ + 2e — Het 


Since this reaction takes place far removed from the 
capillary in which the moving boundary is generated, 
no complications due either to depletion of the catholyte 
in Cl- or mixing of the solution by evolving H; arise. 

Table 1 gives the results of a typical experiment 
performed using the apparatus described. The value 
of ta+ calculated from this data is 0.806, to be com- 
pared with the literature value, 0.823.5 Although 
circulation. of constant temperature water around the 
capillary is not absolutely essential, the results obtained 
with thermostating were significantly better than those 
obtained on a prototype model which had only a large 
volume of water surrounding the capillary to act as a 
heat sink. 

A convenient power supply for providing the neces- 
sary regulated current for this apparatus is described 
elsewhere in THIS JOURNAL.® 


Table 1. Sample Experimental Results with 0.1022 M 


HC! at 25.0°C 
(see) Alisec) 
94 0.000 
309 
403 0.100 
311 
714 0.200 
306 
1020 0.300 
302 
1322 0.400 
307 
1629 0.500 
304 
1933 0.600 
300 
2233 0.700 
306 
2539 0.800 


5 Smitu, E. R., anp MaciInngs, D. A., J. Am. Chem. Soc., 47, 
1012 (1925). 
6 Tosey, S. W., J. Cuem. Epuc., 38, 517 (1961). 
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Stephen W. Tobey! 
West Virginia Wesleyan College 
Buckhannon 


The electronically controlled power 
supply described herein is designed to deliver the con- 
stant current required in electrokinetic experiments in 
physical chemistry. It is used in this laboratory in 
determining cation transference numbers by the moving- 
boundary method.” * In this particular application it 
performs the same function as a unit described earlier 
in THIS JOURNAL by Bender and Lewis.‘ However, 
the unit described below is based on quite a different 
operating principle and is consequently capable of de- 
livering an appreciably more constant current over a 
considerably wider current range. 

During an electrokinetic experiment, such as the 
determination of the transference number of a cation 
by the moving-boundary method, the electrochemical 
changes occurring within the transference cell may 
cause as much as a tenfold increase in the cell resistance 
as has been pointed out.* In the absence of any compen- 
sating action by the power supply being used, a tenfold 
decrease in the cell current would result. Since the 
cell current must ordinarily be maintained constant, 
some type of automatically compensating power supply 
is a practical necessity. 

The circuit shown in Figure 1 will deliver any current 
from 1.0 to 10.0 milliamps to a load varying in resistance 
between 1 and 50,000 ohms, or up to 5.0 ma to a load 
varying between 1 and 100,000 ohms, with a total 
change in current delivered during a run of 1% or less 
without any adjustment. With only very occasional 
readjustment during an experiment, the current regula- 
tion can be held to within 0.2%. 

To place the unit in operation, the cell or other load 
(Rx) is connected as shown and the unit is turned on. 
Negligible warmup time is required. R;-Rs is adjusted 
until the desired load current (Ix) is read on M,. Final 
adjustment in I, and minor readjustments during an 
experiment are made with Ry. Ordinary caution should 
be exercised in using the apparatus, since relatively 
high voltages are present at the output terminals. 

Table 1 summarizes the performance of the unit 
under typical operating conditions. It also provides 
information on the. calibration accuracy of the par- 
ticular current meter used. The data were obtained 


1 Present address: University of Wisconsin, Madison. 

? LoneswortH, L. G., J. Cuem. Epuc., 11, 420 (1934). 

5’ DANIELS, FARRINGTON, ET AL., ‘Experimental Physical 
Chemistry,’’ 5th ed., McGraw-Hill Book Co., Inc., New York, 
1956, p. 150. 

‘ Benver, P., anp Lewis, D. R., J. Cuem. Epuc., 24, 454 
(1947). 

5 Rawuines, R. J., “Current and Voltage Regulators’ in 
Radiotron Designer’s Handbook, Langford-Smith, F., Editor, 4th 
ed., Radio Corporation of America, Harrison, N. J., 1953, pp. 
1213-1222 and references therein. 


Constant Current Supply for 
Electrokinetic Experiments 


by measuring with a potentiometer the voltage drop 
across a 100 ohm precision resistor connected in series 
with the indicated R.. In obtaining the data, M, 
was set to the desired I, with Rx equal to 10,000 ohms. 
The actual current delivered was measured, then Rx 
was increased and the measurement repeated. R, 
was not adjusted, except as noted. 


Table 1. Performance of current regulator 


Ry ohms 
10,000 50,000 100,000 

Mi reading 
milliamps Measured milliamps 

1.00 0.927 0.926 0.925 

2.00 1.983 1.980 1.974 

3.00 2.991 2.986 2.970 

4.00 4.019 4.009 3.957 

5.00 5.011 4.992 4.71 unsteady’ 

6.00 6.020 5.990 

7.00 7.006 6.965 

8.00 7.966 7.903 

9.00 8.917 8.824 (8.920) 

10.00 9.853 9.733 (9.849) 


@M, reading obviously lower. MM, reset to original reading 
with Ry. 
> Ep required to maintain J, constant reaches FE, (vide infra). 


In further tests, a load of 25,000 ohms was placed 
on the unit and M, was set to 5.00 ma. The drift in 
I, over a one-hour period was random +0.02 ma. 
When the unit was plugged into a Variac and the line 
voltage varied between 120 and 100 volts ac, the 
resulting variation in J; was +0.03 ma. 

The mechanism by which the circuit in Figure 1 
maintains J, constant despite changes in Rx 1s similar 
to that employed in constant-voltage power supplies,* 
and depends upon the fact that V, acts as a variable 
resistor which is automatically adjusted by the circuit 
to just offset any change in Ri. A detailed discussion 
of the mechanism by which the circuit operates follows. 
The functions and critical values of all components are 
given. 

Assume that the unit is in operation, that R;-Rs 
has been adjusted to give the desired J1, and that Ri 
is increasing with time. The necessary high de voltage 
is provided by 7, Vi, Li, Ci, and C2. 7; should deliver 
approximately 750 rms volts. The current drain on the 
power supply is very low, so that by running V; as a 
half-wave rectifier the voltage at point A (£4) is main- 
tained at about +900 volts, close to the peak voltage 
output of 7;. Vi must be able to withstand a peak 
inverse voltage of at least 2500 volts. 2, is a protective 
resistor which discharges C; and C, when the unit is 
turned off. V2 and V; are voltage reference tubes which 
in conjunction with R, provide constant voltages of 
approximately +75 and +225 volts at points B and 
C. The 110 volt ac input is run through the jumpers 
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Parts List 

Ci, C2 4 mfd. 

C; 0.1 mfd. 

R, 500K 

50K 10 watt 

R; 5K 

R, 2.5K potentiometer 

Rs-Rg 100 K dual-section potentiometer. 

Ohmite type CCU 1041 

R; 10K 

Rs 1 Megohm 

Ll, 15 Hy. 75 ma 

T, Stancor type P-8171 

M, 0-10 ma. dc milliammeter. 
Triplett model 420 

S,; SPST toggle switch 

P, 6.3 volt pilot light 

F, 1 amp fuse 

Vi SR4GY 

V2 OA3 (VR-75) 

V; OD3 (VR-150) 

Vv; 6C5 

6AU6 


NOTES: ALL CONDENSERS 1000 DCV 
ALL RESISTORS 2Wt1O% UNLESS NOTED 


Vv, 
5 

De 
V, 


4 


Figure 1. Circuit diagram of Current Regulator. 


in V2 and V; to prevent injury to V; if these tubes are - 


removed. 

As may be seen from Figure 1, E, appears between 
point A and ground, and /, (electron flow) passes 
serially through R;, Rs, Rs-Rs, Ri, Ri, Mi, and V3. 
R; and R; are protective resistors which prevent damage 
to M, if Rx is inadvertently shorted out. As Ry in- 
creases, the total resistance across which EF, is divided 
increases, and consequently EH, tends to fall below its 
normal value of +70 volts. As Ex, decreases, the 
negative grid bias on V; increases above 5 volts since 
it is the difference between Ey and Es, which is fixed 
at +75 volts by V;. The increase in negative grid 
bias on V; results in a much amplified decrease in the 
current J, flowing upward through Rs, the plate load 
resistor of V;. Since Rs also serves as the grid 
bias resistor for V4, the negative grid bias on V4 de- 
creases, because the bias is generated by the flow of 
I, through Rs. With decreasing grid bias, the internal 
resistance of V,decreases. This decrease in the internal 
resistance of V4 exactly compensates for the increase 
in resistance of Ry and the net result is that J, re- 
mains constant. The circuit responds equally well 
in the opposite direction to maintain J; constant if Ri 
decreases. 

The function of C, is to initiate a cycle of compen- 
sating changes identical to that described above in the 
event that transient disturbances occur in F4, as would 
be caused by incomplete filtering of EK, or sudden 
changes in the line voltage. 

The variation in internal resistance required of V4 
is quite large. In a typical electrokinetic experiment 
E> increases from +200 te +700 volts, which with a 
typical J; of 5.00 ma corresponds to a change in the 
internal resistance of Vs of 100,000 ohms. The the- 
oretical upper limit on the operating range of the circuit 
is reached when Ep equals E,. This corresponds to 
the point where the internal resistance of V4 goes to 
zero. However, Vs has a critical minimum internal 
resistance below which it cannot decrease. When the 
internal resistance of V4 required to maintain I, con- 
stant falls below this critical value the circuit cannot 
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function properly, and /, falls, as is indicated in the 
last column of Table 1. The lower theoretical limit 
of satisfactory operation is reached when Ry is suf- 
ficiently small that V, is not capable of providing the 
necessary high internal resistance. However, this 
lower operating limit is never reached in the circuit 
shown because of Rs. When Rz is relatively low, the 
initial setting of R;-Rs required to bring J; to the de- 
sired value automatically places most of R; in series 
with R1, thus giving it a larger effective value. When 
Rx is relatively large, the required setting of R;-R, to 
obtain the desired J, automatically shunts most of 
Rs. A 6J5 may be used as V, with identical results. 
A 6AH4 as V, has a lower internal resistance and will 
slightly extend the upper operating limit. However its 
performance at low values of J: is poorer. A triode 
connected 6F6, 6V6, or 6L6 will not operate satis- 
factorily as V, in this circuit. Vs may be a 6AK5, 
6AG5, or 954 with identical results. A 6SJ7 as V; 
provides poorer regulation. 

The transformer shown (7) has two separate 6.3 
volt filament windings with the center taps connected 
to points B and D. This maintains low filament- 
cathode voltages in V,and V;. However, a prototype 
model with only one filament winding for both V;, 
and V; with the center tap connected to point B showed 
no tendency to are over in V4. 

The apparatus has been in use for some time and has 
given very satisfactory results. It should be pointed 
out that by suitably increasing the current and voltage 
breakdown values of a few key components the same 
circuit may be used to deliver much higher regulated 
currents than does the unit actually described. 

An easily constructed transference cell for use with 
the apparatus described above in determining cation 
transference numbers is described elsewhere in THIS 
JOURNAL ® 


6 Tosry, S. W., J. Comm. Epuc., 38, 516 (1961). 
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Charles K. Mann and 
Vernel C. Champeaux 
Florida State University 
Tallahassee 


The development of electrochemical 
methods of analysis which utilize accurately controlled 
or constant direct currents has been very rapid in 
recent years. Examples of such methods are coulo- 
metric titration at constant current, potentiometric 
titration at constant current, chronopotentiometry, 
and current scanning polarography. These methods, 
particularly the first two, are very well suited for 
inclusion in the undergraduate instrumental analysis 
course.! It is the purpose of this paper to describe a 
convenient and inexpensive controlled current power 
supply which is well suited to use in a student lab- 
oratory. 

Controlled current sources presently in use can 
generally be considered in three categories: dropping 
resistor, vacuum tube, and transistor. One type 
involves the use of relatively high de voltage, e.g., 
100 volts, a resistor, and the load, all connected in 
series. The resistor is very much, larger than the 
load, so that nearly all the voltage is dropped through 
the resistor and small changes in load resistance have 
essentially no effect on the total resistance, hence, no 
effect on current. This type of power supply is the 
simplest to construct. It has the disadvantage of 
requiring frequent calibration. In addition, heating 
of the resistor with use must be taken into account. 
A second type involves the use of vacuum tubes. 
Many different designs have been described, frequently 
utilizing the flat plate current-voltage characteristic 
of the pentode. Vacuum tube power supplies, designed 
specifically for constant current coulometry or constant 
current potentiometry, are commercially available. 
They have the advantage of convenience, high precision, 
and large load tolerance; they are, however, quite ex- 
pensive. 

Use of transistors rather than vacuum tubes makes 
possible a power supply that is convenient and precise, 
but simple and inexpensive to build. To obtain an out- 
put current which does not vary with load changes, one 
makes use of the common base configuration.?_ In this 
configuration, collector current is directly proportional 
to emitter current within certain limits of load re- 
sistance. A transistorized instrument is simpler and 
less expensive than its vacuum tube counterpart 
because of its smaller power requirements. Small 
batteries with relatively long lifetimes and very high 
short term stability take the place of high voltage 


1 H. H., Merritt, L. L., Jr., anp Dean, J. R., 
“Instrumental Methods of Analysis,’’ 3rd ed., D. Van Nostrand 
Co., Inc., New York, 1958, pp. 427, 508. 

?SrroBet, H. A., “Chemical Instrumentation,’’ Addison- 
Wesley Publishing Co., Inc., Reading, Mass., 1960, p. 372. 


A Constant Current Source 
for Student Use 


power supplies, which require fairly complex filters and 
voltage regulators to achieve necessary stability. 

As usually built, the dropping resistor and the 
transistorized power supplies are battery-operated; 
accordingly, they provide extremely steady de currents. 
By contrast, vacuum tube supplies are generally line- 
operated and show more or less residual ripple from 
rectification of ac. Comparing the two battery- 
operated types, the transistorized supply requires six 
volts; small, inexpensive batteries are sufficient. 
The dropping resistor supply generally uses about 100 
volts, which requires larger and more expensive bat- 
teries. 


The Instrument 


A schematic diagram of the power supply is shown in 
Figure 1. It consists of one P-N-P transistor with two 
small dry cell batteries furnishing power. Battery 
“B,,” furnishing output current, is a 6v cell such as 
Eveready 5108S. “B,” in the emitter circuit is a 
smaller 1.5v cell, Eveready 950. “Ry,” is a 2-watt 
wire wound potentiometer, the size of which is deter- 
mined by the current output desired. ‘Re,” which is 
optional, serves to limit the range of output current, 
thereby simplifying close current adjustment by R:. 
“S” is an SPST toggle switch. These components, 
together with suitable binding posts, are mounted on 
an aluminum chassis, 4 X 6 X 3 in. (Premier ACH 


432). 
4 + 
8 
Q 


Figure 1. Schematic diagram of the constant current power supply. 


Two types of these power supplies are used in this 
laboratory. One has a maximum current rating of 50 
ma. It uses a Workman Power 6 transistor (Sylvania 
2N68 is equally well suited, but more expensive). 
R, is 250 ohms; Re, 47 ohms. With this arrange- 
ment, the instrument has a current range of 4 to 20 
ma. The load resistance tolerance of this supply is 
increased by substituting a Tung-Sol 2N242, or 
equivalent, for the Workman Power 6. The low level 
source is rated at 10 ma. A G.E. 2N190 transistor is 
used. With R, of 3000 ohms and R, of 500 ohms, this 
instrument has a range of 0.36 to 2.40 ma. With 
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R, of 10,000 and Re of 5000 ohms, the range is 87 to 
250 wa. 

All of the components used were obtained locally at a 
radio supply shop. Assembly is carried out with 
common shop tools and requires no special skill. The 
cost of all components is about $6.50 per unit for the 
low level or the high level supply with the Workman 
Power 6 transistor. Use of the 2N242 transistor adds 
about one dollar and larger batteries would increase 
the cost. 


Performance 


The effect of change in load resistance for the high 
level source is shown in Figure 2. Curve 1 pertains to 
the Workman Power 6 and curve 2 to the Tung-Sol 
2N242 transistor. Using the Workman transistor with 
an initial current of 10 ma, the error amounts to 
less than +0.5% at loads up to about 300 ohms. The 
tolerable load is larger at small currents and less at 
higher currents. For example, at 15 ma appreciable 
error is noted above 150 ohms. It may be noted that 
the IR drop in the load is approximately half the 
collector voltage. 


Current (ma) 
a 
T 


100 200 300 400 500 600 
Load Resistance (ohms) 


Figure 2. Change in Output with Load. Curve 1, Workman Power Six 
transistor; curve 2, Tung-Sol 2N242 Transistor. 


With the 2N242 transistor, load tolerance is approx- 
‘imately doubled. With a 10-ma current, breakdown 
occurs sharply at 600 ohms. Power dissipation by 
this transistor is only a small fraction of the supply. 
Thus Ohm’s law can be used to estimate load tolerance 
for a given collector voltage. This remains true at 
least up to 12 v furnishing 20 ma for which the tolerable 
load is 600 ohms. Since this transistor is rated to 
break down at 45 v and 2 amp, it should be possible 
to increase the load beyond 600 ohms at 20 ma by 
using larger collector voltages. 

For reference, cell resistance under several condi- 
tions typically encountered in constant current coulom- 
etry are given to show order of magnitude. With 
two metallic electrodes (wire helix, about 2 X 3 cm) 
immersed in 0.2 M KCl, as would be the case for acid- 
base or argentimetric titrations, a resistance of 5 ohms 
was measured. When the electrodes were separated by 
a short salt bridge containing saturated KCl and one 
frit with 0.2 M KCl in the external solution, the 
resistance was about 50 ohms. The same arrange- 
ment with a salt bridge having two frits showed a 
resistance of about 80 ohms. With 1.0 M, rather than 
saturated, KCl in the double salt bridge the resistance 
was 150ohms. Changing to 0.05 M KCl in the external 
solution with 1.0 M KCl in the double salt bridge 
gave a resistance of 220 ohms. These data indicate 
that it will generally be possible, with aqueous solu- 
tions, to use the high level current source with the 
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Workman Power 6 transistor in the 10 to 15 ma 


range. 

The low level current source showed measurable 
deviation only above 5000 to 10,000 ohms load. Since 
this is a far larger value than is likely to be encountered 
in aqueous solutions, no further investigation was 
carried out. The low level source should be useful 
with nonaqueous solutions as well. 

To determine the effects of time, two different tests 
have been carried out. One involved allowing the high 
level source to discharge continuously through a load 
with periodic checking of the current. The result of 
this test is shown in Figure 3. After an initial drop, the 
current remains reasonably stable for about a week 
and then begins to drop off. The current was steady and 
with recalibration would have been usable at any time 
during the test period. At the end of the test the unit 
was still capable of providing 12 ma on readjustment of 
R,. It would appear that for maximum stability, the 
instrument should be allowed to discharge for a while 
before calibration. The low level source would of 
course have a much longer life. 


2 4 6 8 T2 18 20 
Time (Days) 


Figure 3. Variation of current with time. High level current source with 
100-ohm load. 


Under actual conditions of operation, current is 
delivered for only relatively short periods of time 
so that the batteries should have essentially shelf life. 
It was established that the current can be turned off 
and on repeatedly without change in calibration. At 
the current levels described here it is unnecessary to 
use a heat sink to prevent transistor heating. The 
instruments are calibrated periodically. Table 1 
shows results of calibration of the low level source. 
The dial of the high level source does not permit highly 
reproducible settings of R:. 


Table 1. Calibration of Low Level Current Source 
Time of calibration 
Atassembly After 23 days After 42 days After 58 days 


0.0876* 0.0875 0.0833 
0.1070 0.1068 
0.1337 0.1322 
0.1752 0.1748 
0.2543 0.2554 
0.362 0.362 
0.407 0.400 
0.443 0.442 
0.593 0.494 
0.560 0.559 
0.640 0.632 
0.753 0.748 
0.911 0.908 
1.138 1.134 
1.553 1.516 
1.876 1.849 
2.404 2.402 


* All currents measured in milliamperes. 
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The transistor power supply is very well suited to 
student experiments in constant current coulometry 
and potentiometry at constant current. With coulo- 
metric generation of titrant, any suitable end point 
can be used. The end point can be approached as 
slowly as necessary by repeatedly breaking the circuit. 
Time is most simply measured with a stopwatch. 
For best results, a precision electric timer is desirable. 
For potentiometry at constant current, the power 
supply is connected to the electrodes in parallel with a 
vacuum tube voltmeter. This arrangement is useful 


either when a pH meter with constant current feature 
is unavailable or when the single current value provided 
by a meter is unsatisfactory. . In addition, these 
supplies provide a source of small de current and 
voltage for general use in the laboratory. For example, 
with a known resistance it makes a convenient cal- 
ibrator for variable span potentiometer recorders. 
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The need for a low cost source of 
variable direct current has been satisfied by the unit 
described in this article. Originally designed to furnish 
a maximum of 6 volts de and up to 3 amps for electro- 
disposition experiments, these power supplies have 
also been used in place of batteries when performing 
oxidation-reduction experiments. The units require 
only a single 110 v outlet for operation and hence can 
be carried to the students’ work area. 

The apparatus consists of the power supply, a 
magnetic stirrer, and platinum electrodes. The ad- 
vantage of the removable magnetic stirrer is that it 
can be detached for other uses and makes for a lower 
over-all investment in equipment, since the two units 
may not always be used together. 

The power supply consists of a full wave selenium 
industrial rectifier stack and selenium rectifier trans- 
former, controlled by a powerstat auto-transformer 


4A. FUSE sw 


SPST ; 
STIRRER 
00 4 
2 


SELENIUM 


O-3A.DC 3A.FUS' 


To 8 RECTIFIER 


Figure 1. Circuit diagram. T, = Powerstat autotransformer, Type 10. 
T, = Stancor power transformer, RT 202. Selenium rectifier, type 310, 
Allied Radio #4A789. Meter 0-3 amp 2!/:-in. rectangular, Simpson. 
Neon indicator light, Dialco Type 937 has built-in resistor for Ne 51 Neon 
lamp in 110 v ac circuit. 
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A Low Cost Direct Current Source 
for the Laboratory 


across the 110 v ac line input. The 3 amp output 
meter is protected by a3 amp fuse. Since the ammeter 
is a current averaging device, no filtering of the rectified 
output is necessary. This reduces cost to a minimum 
(about $40) by keeping circuitry as simple as possible. 

The upright posts for carrying the de current are 
made of copper tubing soldered to nuts which can be 
threaded onto insulated studs attached to the base. 
These can be removed for easier storage. The adjust- 
able clips on the parts are bicycle pants clips with 
holes punched in them to allow them to slide on the 
uprights (Fig. 2). 


Figure 2. Power supply with mounted binding posts: removable magnetic 
stir sits in between posts on top of cabinet and plugs into outlet on the side. 

We acknowledge the assistance of the Electronic 
Research Laboratories at Montana State College, 
which contributed the circuit design of the power 
supply and constructed the units. 


Volume 38, Number 10, October 1961 / 521 


na | 
le | 
od 
as a 
ul | 
ts 
zh | 
id 
1e 
id | 
1e 
it || 
of a 
1e | 
le 
of | 
| 
| 
| 
| 
is 
e | 
4 
4 Pre 4 


GUEST AUTHOR 
Wilbur N. Moulton 
Southern Illinois University 
Carbondale, Illinois 


The use of dipole moments to assign 
cis or trans configurations to olefins is frequently intro- 
duced in elementary organic textbooks.!_ The method 
is a useful one in some cases, but it is not applicable 
to all olefins. Some of the problems and limitations 
involved also arise in considering the dipole moments 
of substituted benzenes. 

The example which is most frequently given is 1,2- 
dichloroethylene, in which case the dipole moment 
(u) of the trans isomer is zero and that of the cis isomer 
is about 1.85 Debye (D). The dipole moment of a 


molecule is the resultant of the group moments treated’ 


as vectors. As shown below in cis-1,2-dichloroethylene 
the resultant, primarily the vector sum of the carbon- 
chlorine moments, is perpendicular to the carbon-to- 
carbon bond and in the plane of the molecule. In 
trans-1,2-dichloroethylene the carbon-chlorine moments 
are directed in exactly opposite directions, and there- 


AL 
Cl Cl Cl H 


185D 


fore the vector resultant is zero. 

No error is involved in this special case, but there is 
- when it is stated or implied that the dipole moment of 
all symmetrical trans-olefins will be zero. The dipole 
moment of symmetrical trans-olefins will be zero if, and 
only if, the group moments are direeted along the axes 
of the bonds from the olefin carbons to the attached 
groups. Groups for which this is true are said to have 
axial or linear moments, and include hydrogen, the 
halogens, nitro, nitrile, and methyl groups. A second 
class of groups have moments that are not directed 
along the bond axis. In these cases the group moments 
for the trans isomer are not at an 180° angle from each 
other, hence the vector sum is not zero and the dipole 
moment is not zero. Groups of the second class include 
hydroxyl, alkoxyl, amino, carboxylic acid, ester, alde- 
hyde, and ketone groups. Maleic acid and fumaric 
acid constitute a case of cis-trans isomerism in which the 
groups attached to the double bond do not have axial 
moments. This case is complicated by hydrogen 


Suggestions of material suitable for this column and guest col- 
umns suitable for publication directly are eagerly solicited. They 
should be sent with as many details as possible, and particularly 
with references to modern textbooks, to Karol J. Mysels, Depart- 
ment of Chemistry, University of Southern California, Los 
Angeles 7, California. 

1 Since the purpose of this column is to prevent the spread and 
continuation of errors and not to evaluate individual texts, the 
source of errors discussed will not be cited. To be presented, the 
error must occur in at least two independent standard books. 
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Textbook Errors, 34 
Dipole Moments of 
Symmetrical Organic Molecules 


bonding in the free acids, but the dipole moments of 
the diethyl esters have been measured. The observed 
dipole moments are 2.54 D for diethyl maleate and 2.38 
D for diethyl fumarate. Although the dipole moment 
for the cis isomer is greater than that for the trans 
isomer, the small difference between two large dipole 
moments would not be adequate basis for assignment 


CO:C:H; ‘CO.C;H; 
= 2.54D = 2.38 D 


of configuration. 

The angle (@) between the bond axis and the bond 
moment can be calculated from experimental data and 
varies from 55° for methoxyl to 142° for the amino 
group attached to aromatic carbon. The calculated 
angle between the bond axis and bond moment for a 
given group are not necessarily the same in aliphatic 
compounds as in aromatic compounds. A value of 


Cc x 


6 greater than 90° indicates that the group is positive 
with respect to the rest of the molecule to which it is 
attached. 

An error more frequently made by implication than 
by direct statement concerns para-disubstituted ben- 
zenes. It is often pointed out that para-dinitrobenzene 
has a dipole moment of zero, which is true as it is of 
all other cases in which two like groups with axial 
or linear bond moments are para to each other. From 
the discussion above it is obvious that it cannot be 


correctly assumed that all para-disubstituted benzenes ° 


have zero dipole moment. Rather in all cases involving 
groups with non-axial moments the para-disubstituted 
benzenes will have dipole moments. Examples include 
para-diaminobenzene with a dipole moment of 1.5 D 
and para-dimethoxybenzene with a dipole moment of 
1.7 D. 

It might seem that if groups are free to rotate about a 
single bond? that variously oriented dipole moments of 
the different conformations might average out to zero. 
This is not true. The fact is that if a molecule has a 
dipole moment in any conformation it will have a net 
dipole moment, since the actual dipole moment is the 
weighted average of the dipole moment for each con- 
formation that the molecule assumes. The experi- 
mental dipole moment falls between the values cal- 
culated for the conformations with maximum and 
minimum dipole moment. In para-dimethoxybenzene 
two important conformations are shown. It can be 
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argued that resonance interaction of the oxygen with 


_CHs 


NCH; 


CHs 
B 


the ring would favor such planar conformations. Of 
these conformers A would have zero dipole moment and 
B would have a large dipole moment. The experi- 
mental value (which is smaller than that calculated for 
B) can be explained if one assumes that para-dimethoxy- 
benzene exists as a mixture of the two. However, 
there is nothing about the experimental data that 
requires planar conformation. Completely free rota- 
tion about the carbon-oxygen bond is not ruled out by 
the dipole moment data. : 

The treatment of free versus restricted rotation is 
not limited to aromatic systems. An examination of 
this problem in an aliphatic system, in addition to its 
own merit, can be used to correct another error. 
A recent textbook states that any molecule that has a 
center of symmetry will not have a dipole moment. 
A current monograph implies the same argument by 
stating that hexamethylenetetramine does not have 
a dipole moment because it has a center of symmetry. 
The fact is that the presence of a center of symmetry 
does not necessarily prevent a molecule from having a 
dipole moment. In the case of hexamethylenetetra- 
mine the molecule does not have a dipole moment, but 
neither does it have a center of symmetry. 

The case of 1,2-dichloroethane will illustrate the 
point. This compound can exist in a number of con- 
formers of which three are shown. 


Cl Cl 
Cl 
H H H Cl 
H H H H ws H H 
Cl 
anti gauche eclipsed 


The eclipsed conformation shown and other eclipsed 
conformers in which chlorine and hydrogen are eclipsed 
are too unstable to make any appreciable contribution, 
so only the anti (also called trans or staggered)? and 


gauche (skew) conformers need to be considered. 
The anti conformer in addition to a plane of symmetry 
has a point of symmetry, and since the bond moments 
are aligned in such a way as to have a vector sum of 
zero, the dipole moment would be zero for this con- 
former. However, the gauche conformers, the one 
shown and its non-superimposable mirror image, 
are not symmetrical and would have a dipole moment 
and optical activity if each were treated independently. 

Experimentally, a dipole moment of 1.12 D at 32°C 
and 1.54 D at 271°C is observed for 1,2-dichloroethane, 
and the compound is optically inactive. This can be 
explained by assuming that the observed dipole 
is the weighted average of that for each of the various 
conformers, the anti conformer predominating at lower 
temperatures. As the temperature increases the in- 
ternal energy of the molecule increases and more of 
the molecules assume the gauche conformation. The 
value at 271° has been calculated to be about that which 
would be expected for a random distribution between 
the anti and the two gauche conformations. The 
molecule is optically inactive because there are an 
equal number of each of the two non-superimposable 
gauche conformers. 

The following general rules relate conformation, 
optical activity, and dipole moment. If any of the 
conformers in which a molecule can exist has a center 
of symmetry the compound will be optically inactive. 
If any conformer has a dipole moment, the compound 
will have a dipole moment. A compound will not have 
a dipole only if the center of gravity of negative charge 
coincides with the center of gravity of positive charge 
in all conformers. It would seem that even a minimum 
treatment of the topic should include these basic 
principles in some form. 

The data used in this article and excellent treatments 
of the topic can be found in the books listed in the 
bibliography. 
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New Book Lists Free Materials 


Thomas J. Pepe, Superintendent of Schools in Southbury, Connecticut, and a committee of 
educators have selected and evaluated the educational aids offered by firms and foundations. 
Their conclusions are available in the volume, ‘Free and Inexpensive Educational Aids,’ Dover 
Publications, 180 Varick Street, New York 14, N. Y., $1.35. Designed to meet the needs of 
students, teachers, and audio-visual directors, this book can be used by anyone interested in ob- 


taining quality educational materials. 


The book lists more than 1500 items organized into 59 categories, which Mr. Pepe and his 
staff have judged to be informative, objective, and educationally sound. Each entry includes 
information on the presentation, quality of contents, and grade level. 
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John T. Stock, M. A. Fill 
and R. G. Bjork 
University of Connecticut 


B, use of the “air flow” or “aspira- 
tion” technique, toxic volatile reagents such as phos- 
gene and nitrogen dioxide may be safely and easily 
handled on the microchemical scale.'_ On this scale, 
such reagents are conveniently stored in ordinary soft- 
glass melting-point tubes, both ends of which are 
sealed. Since such tubes, each of which contains about 
25 mg of reagent, may be broken right inside the reac- 
tion assembly, preparations involving the use of these 
reagents may be tackled by comparative beginners. 
The operations are conducted under slight water-pump 
suction, so that any reagent excess is carried down the 
sink and does not get into the laboratory atmosphere. 

An apparatus that permits batches of tubes to be 
rapidly and safely charged with phosgene, etc., is shown 
in Figure 1: Side arm A is connected to a mercury 
manometer and through a stopcock B (not shown) to a 
suction reservoir. This is a large empty bottle that is 
partially evacuated by means of a water-pump. For 
ease of manipulation, the plugs of B and of the air- 
inlet stopcock C should be modified to give a finely- 
controllable opening.? To limit the maximum rate of 
air entry, a capillary leak (not shown) is attached to C 
by means of a sleeve of rubber tubing. 

Since the interior of the apparatus cannot be in- 
spected when partially jacketted for the handling of 
phosgene, it is desirable to make a preliminary run 
- with an easily-handled liquid such as colored water. 
This enables the length of the liquid column that enters 
the tubes during charging to be visually related to the 
change in manometer readings. The column length in 
charging operations which cannot be directly observed 
may then be gauged approximately. 

The completely dried apparatus is assembled in a 
fume hood. Except as a precaution, the draft need be 
on only when liquid phosgene is being introduced from 
a lecture-size cylinder. The lower portion of phos- 
gene reservoir D is immersed in solid carbon dioxide 
contained in a well-lagged beaker. Ice or ice and 
salt may replace solid carbon dioxide when reagents of 
lower volatility are to be handled. Container E and 
the rising portion of siphon F are similarly refrigerated. 
This may be done bymeansof apolyethylene candy-bag, 
which is slipped into the position indicated by broken 
lines and is partially filled with solid carbon dioxide or 
other refrigerant. Liquid phosgene (3 to 5 ml) is then 
run into Z. About a dozen melting-point tubes (only 
one is shown), each of which is closed at one end, are 
placed mouth-down in holder G and the latter is care- 
fully pushed home. Four narrow slits at the bottom of 


1 See, for example, Stock, J. T., anp M. A., J. Cuem. 
Epuc., 32, 586 (1955). 
2? Srock, J. T., anp Fit, M. A., Analyst, 71, 142 (1946). 
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Device for Charging Micro-Tubes 
Storrs with Toxic Reagents 


G allow entry and egress of liquid. When assembly is 
complete, stopcocks B and C are closed, the three-way 
stopcock H is turned to position (a) and the suction 
reservoir is pumped down. 

Stopcock B is slightly opened so that the pressure 
within the apparatus slowly falls to about 100 mm; B 
is then closed and C is slightly opened to allow slow 
entry of air. As this enters the apparatus, phosgene 
rises in the tubes in the holder; by closing C at an ap- 
propriate manometer reading (about 250 mm), the de- 
sired column-length within the tubes may be obtained. 
After closure of C, stopcock H is turned to position (6) 
and stopcock B is slightly opened so that suction is 
applied through hole J to the phosgene reservoir. Un- 
used phosgene commences to rise in the siphon and, as 
soon as the liquid has passed the bend and started 
downwards, stopcock B is closed and H is turned to 
position (c). When the level of the liquid has fallen 
below the bottom of holder G, stopcock C is opened to 
allow the interior of the apparatus to come up to atmos- 
pheric pressure. Excess of phosgene passes into D, 
while the columns recede well away from the open ends 
of the melting-point tubes. 

Having withdrawn the tube-holder, its contents are 
at once tipped into a short refrigerated flat-bottomed 
vessel J as shown in Figure 2. A pad of asbestos paper 


(c) 


O1234 Sem. 
Figure 1. Apparatus for charging tubes. 


Figure 2. Technique for 
sealing charged tubes. 
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K eliminates the slight risk of breakage during trans- 
ference. In turn, each tube is picked up by tweezers 
as shown and is at once closed with a touch of small hot 
flame. Sealing is simple and rapid if the mouths of the 
tubes are reduced in diameter by partial drawing-out as 
indicated in Figure 2. This operation is of course per- 
formed before the tubes are filled. 

A further batch of empty tubes is loaded into the 
holder, which is restored to its normal place. Stopcock 
C is then closed and, leaving H in position (c), B is 
partially opened. Liquid is thus drawn up from the 


G. O. Pritchard 
and G. H. Miller 
University of California 
(Santa Barbara) Goleta 


Mercury or oil diffusion pumps in any 
vacuum system are dependent on a steady stream of 
coolant water for safe and efficient operation. Any 
interruption of the flow of water can be used to activate 
safety devices for the control of the diffusion pump 
heater.'~* A commercial device’ which operates on a 
diaphragm principle is commonly used to protect 
spectrophotometers but can also be used for electrically 
heated pumps. 

The device described herein is one that can be as- 
sembled easily and is fully automatic in that the heat 
source is reactivated if the flow of coolant water is 
resumed. 

If the diffusion pump is heated with a Bunsen burner, 
a suitable arrangement is shown in the figure. A is a 
100-ml round-bottom flask. B is solid glass rod, 
supporting the glass attachment C. D is a short piece 
of glass tubing which pivots on a fixed metal rod £. 
F is a 250-ml beaker, drawn off as shown, and the outlet 
to the drain is so regulated that the bulb A floats 
close to the top of the beaker with a suitable rate of 
flow of water from the outlet of the condenser of the 
diffusion pump. 

The gas flow to the Bunsen burner in normal opera- 
tion passes through bulb C. The small pool of mercury 
in C stays at the right hand end when the arm BCB 
has a downward cant. If the water supply from 
the diffusion pump diminishes, the level in the beaker 


drops, and so does A and the arm BCB. This causes. 


the mercury to run to the left hand end of C which 
covers the mouth of the small exit tube and cuts off 


Work supported by National Science Foundation. 

1Sreex, C., Smirx, R. F., anp Summers, B., J. Sci. Instr., 
34, 125 (1957). 

2? Hoveuton, G., J. Sci. Instr., 33, 199 (1956). 

3 Green, G. W,, J. Sci. Instr , 35, 147 (1958). 

* Crort, A. J., J. Sci. Instr., 25, 386 (1948). 

5 Shur-flo, automatic interlock, Hays Mfg. Co., Erie, Penna. 


reservoir into the container. Stopcock H is then re- 
turned to position (a) and the slow fall in internal pres- 
sure is allowed to continue. After inspecting one or 
two of the first batch of tubes, the filling and sealing 
operations are continued. If the tubes are judged in- 
sufficiently filled, the first air-inlet stage should be con- 
tinued to a pressure somewhat higher than that used 
for the first batch. With over-filled tubes, air-inlet 
should be cut down. 

This apparatus was developed with the partial sup- 
port of the National Science Foundation’s Undergrad- 
uate Research Participation Program. 


Safety Device for Vacuum Diffusion Pumps 


the gas supply (the gas pressure is insufficient to blow 
mercury into the room). A small pilot light (in- 
sufficient to heat the pump) mounted next to the Bun- 
sen burner relights the gas flame if the water supply 
should be resumed, when A rises to its former level, 
and the gas has free passage through C as the mercury 
returns to its former position. The mercury in C 
is covered with a layer of oil to prevent carrying harm- 
ful vapor into the room. 

If the diffusion pump is heated electrically, the arm 
BGB is mounted horizontally (in place of BCB) so that 


the mercury covers the bottom of G and is part of the 
circuit. When the water supply fails and A falls, the 
mercury runs to the left end of G and breaks the circuit. 
If the water supply is resumed, the circuit is reactivated 
when G reaches its horizontal position. 

The device is somewhat sensitive to set up, but once 
the flow of water is correctly adjusted it provides 
trouble-free operation. As an additional precaution, 
the beaker F is mounted directly over the drain in case a 
sudden upsurge in water pressure causes overflow. 
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Stanley Kirschner 
Wayne State University 
Detroit, Michigan 


. foreign and American scientists, 
who have shown interest in the system of coding and 
abstracting chemical literature using IBM machine- 
sorted punched cards recently proposed by the author 
(1, 2), have indicated certain reservations about 
adopting this system. The most serious is that it 
would prove of limited value, once adopted, if an 
individual moved to a location in which the necessary 
IBM equipment is practically unobtainable. 

Consequently, the original machine-sorted punched 
card system has now been adapted for use as a hand- 
sorted as well as machine-sorted and coded system. 
In addition, the face of the IBM card on which addi- 
tional abstract information about an article is written 
has been revised so as to simplify the coding procedure 
and to eliminate completely the preparation of the 
separate “program form” required by the previous 
system. 

The previous card, IBM 894510 (/, 2), provides 
guide lines for writing or typing the title and abstract 
information in addition to that which is punched into 
the card. If the writing or typing is done directly on 
the line, it will not be mutilated by the punched holes. 
The information which can be punched into the 
card is as follows: (a) the first two initials and the first 
eight letters of an author’s surname, using the IBM 
letter code (2), (b) the original journal reference, 

using the four-letter ‘‘Coden” system devised by 

Bishop (3, 4) for the abbreviation of journal names 
with the last two digits of the year, (c) the abstract 
reference, (d) the numbers of the reader’s subject code 
representing those subjects with which the article 
deals, and (e) the atomic numbers of all the important 
elements in the article according to the method pre- 
viously described (1). Space is also provided at the 
top of the card for interpretation into printed letters 
of the punched holes representing the author’s name, 
journal reference, and abstract reference. 

However, for this card, it is necessary that a separate 
program form (1) be used along with the card in order 
to provide the IBM key-punch operator with the 
necessary information to be punched into it. The 
reader fills out the separate program form and writes 
or types the title and a brief abstract on the IBM card 
as he reads the article. 


The Revised Card 


The revised card, IBM U20115 (Fig. 1), allows for 
the punching and interpreting of a card number 
(columns 65-68 plus a spare column 69) into each 


Presented before the Division of Chemical Literature, 137th 
Meeting of the ACS, Cleveland, Ohio, April, 1960. 
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Adapting Machine-Sorted Punched Card 
Systems to Hand Sorting and Coding 


card in addition to the information which can be 
punched into the original card described above. The 
dotted lines are strategically placed so that additional 
abstract information and the title may be typed or 
written on the card without being mutilated by the 
punched holes. The lower part of the card itself 
comprises the program form for that card and the 
reader writes the information to be punched into the 
card in the appropriate spaces (which are spaced so 
that this writing or typing will not be mutilated), 
and the IBM key-punch operator punches the card 
from this information. The separate program form 


_ required with the previous card is thus eliminated, 


and the letters and numbers represented by all the 
punched holes in the card are always visible. The 
vertical dotted lines in columns 11-33 provide addi- 
tional coding space above the atomic number set, 
should there not be sufficient room in these boxes to 
write all the atomic numbers of important elements 
mentioned in an article. 

In addition to machine-cuding and sorting (/, 2), 
hand-coding and sorting of these cards with respect to 
subject numbers and/or date may be accomplished 
by maintaining a subject code book or chart. There 
should be as many pages in the subject code book as 
there are subjects in the reader’s code (78 at present 
for this author)—one subject per page. Hand-coding 
requires that the number of every card which deals 
with a particular subject be recorded on the page 
devoted to that subject. Hand-sorting is accomplished 
by turning to a desired subject page in the code book 
and manually selecting those cards from the deck 
whose numbers are listed on that page. This assumes 
that the cards are kept in approximate numerical 
order. In addition, if a reader starts his deck with 
number 0001 and adds to it sequentially, his deck will 
also be arranged in approximate order of date of read- 
ing, which will sometimes facilitate sorting. 

If hand-coding and sorting with respect to journal 
name or author are important, separate code books 
for these may also be maintained. A code book of the 
approximately fifty-six journals important to this 
author would list the card number of every card having 
a reference in a particular journal on the page in the 
book devoted to that journal. 

Other advantages of these types of card systems for 
storing and retrieving information in the chemical 
literature have already been published. (1,2,5-10). 


Literature Cited 


(1) Krrscuner, §., J. Cuem. Epuc., 34, 403 (1957). 

(2) Casry, R. S., Perry, J. W., Kent, A., and Berry, M., 
“Punched Cards,’’ 2nd ed., Reinhold Publishing Corp., 
New York (1958), chap. 14 and others. 


| 

| 

j 


r 


e200 001 sk iPPiNG solos 1lo20 7 

farms, a. stronger bond. .to. >i, than @,, is. yzed to. OH... 
3 3 
. by. .H2304.. .Reso.luing. agent. is dorethylhydrindamine; used cther 
4 SEtPr@BzSi. Small observed rotations. 


Figure 1. A typical chemical literature reference library card (revised, 1960) with abstract, punched holes, and interpretation. 
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William MacNevin 
The Ohio State University 
Columbus 


A recent article! pointed out that Ph.D. 
students majoring in fields other than analytical chem- 
istry are becoming progressively less informed and ex- 
perienced in the analytical features of their thesis re- 
search, depending rather upon an analytical “service” 
for the analysis of products of their work. The re- 
sponse to this point from industry, universities, and re- 
search institutes has been such that it now seems ap- 
propriate to spell out in detail the need for more ana- 
lytical chemistry in the education of all Ph.D. students 
as future research chemists. 


The many friends of Dr. MacNevin were greatly saddened by 
his sudden death in June of 1961. The manuscript for the article 
here presented was in process at the tire. 

Requests for reprints should be directed to Mr. James C. 
Bourke, Dept. of Chemistry, Ohio State University, Columbus, 
Ohio. 


1 MacNevin, W., J. Cuem. Epuc., 37, 339 (1960). 
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Analytical Chemistry and the 
Non-Analytical Graduate Student 


The following are comments about the non-analytical 
Ph.D. made by directors of research: 


“One of our greatest problems is with those members of our 
research staff, other than analytical, who have had so little ana- 
lytical chemistry that they have little or no concept of the field.” 

“They have no idea of what a good analytical chemist can do 
for them and so a good portion of their effort is wasted.” 

“They cannot interpret or apply the analytical data given 
them.” 

“Instead of discussing the research problem with an analytical 
chemist, they take wrong samples at the wrong time and request 
some analysis . . . that gives them useless or erroneous results.” 

“Complex samples are marked ‘Unknown’ and further informa- 
tion is difficult to obtain from the research chemist on the theory 
that the less the analyst knows, the more accurate his analysis 
will be.”’ 


The present article is a plea for the inclusion of more 
analytical training and the development of better 
understanding of the use and value of analytical chem- 
istry for the non-analytical Ph.D. student. Whether 
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he receives this through formal courses which doubtless 
could correct many of the present inadequacies, or 
through his advisor requiring him to be personally re- 
sponsible for the analytical data of his thesis, is not 
too important. What is important is that the non- 
analytical Ph.D. graduate have a first-hand knowledge 
of the kinds of analytical methods now available in his 
research field, of their usefulness, of their limitations, of 
the methods of interpreting the results, and of equip- 
ment requirements. With this kind of information, he 
should develop astuteness in judging when an analysis 
will be worth doing: if the sample is of such quality as 
to provide the information desired; if the analytical 
result will be sufficiently unique to allow distinction 
from other possible products of the reaction; and the 
best or most practical method to select. There are 
many more such questions which reflect a kind of phi- 
losophy of analytical chemistry, as essential as is tech- 
nique or facility in analysis. 


Ability to recognize and answer such questions before 
an analysis is done, is only developed by a certain 
amount of actual experience. It begins in the under- 
graduate courses in analytical chemistry. But, just as 
the research chemist says that the only way to learn to 
do research is by doing it (one cannot depend upon 
reading alone to learn how), so one cannot develop a 
proper appreciation of analysis and its usefulness with- 
out doing a certain amount of it. For example, it is 
only rarely that the currently graduating Ph.D. in 
organic chemistry has ever done a carbon-hydrogen 
combustion analysis. As a result, his reaction to any 
compound he produces is to send it automatically for 
C-H analysis without sufficient concern for purity and 
probable significance of the results. This is not only 
expensive and wasteful of the analyst’s time but reflects 
poor pedagogy in the university. 

It is a too common practice in university research 

‘programs to allow graduate students to send unchecked 
samples to the analytical “service” without, supervision. 
If the analysis agrees with the theory, this may be the 
end of the student’s effort on this product; if it does 
not agree then he will purify it somewhat and return 
it for another analysis. An example is known of a grad- 
uate student sending in the same sample eight times to 
the analytical service with one intermediate crystalliza- 
tion each time until gradually changing analyses 
agreed with what was wanted. No further purification 
was attempted to see if a constant analysis had been 
obtained. Such procedure can hardly be called 
“scientific” and should not be tolerated as part of uni- 
versity educational practice. 


At this point it should be realized that analytical 
service is only one among a group of services now ex- 
pected by and provided for the graduate student. In- 
cluded are glass-blowing, preparation of standard solu- 
tion, translation, machine shop work, electrical repair, 
and care of special equipment. The danger is that the 
research chemist may be come helpless if these services 
are not provided. Excessive specialization during 
graduate study can easily become limitation. 


_ It is to be deplored that many university programs 
do not require the nonanalytical graduate student to 
be responsible personally for the analytical data upon 
which his thesis is based. Considering the extent to 
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which such data support most theses, the practice in 
the university of depending upon data from a “‘service”’ 
is a challenge to the reliability- of the thesis and to the 
educational system that allows it, and is only a short 
step away from “ghost writing” of Ph.D. theses. It is 
encouraging to note that many young professors of 
chemistry are now requiring their students to take 
personal responsibility for all analytical data in their 
theses. 


The reaction of the non-analytical graduate student 
to the suggestion that he be responsible for the analyti- 
cal data of his thesis is that he does not have the time 
to do his own analytical work and that when he gradu- 
ates and gets his first position, analytical services will 
be provided for him. On the question of time, there 
can be no compromise with the student’s personal re- 
sponsibility for the validity of the analytical data of 
his thesis. It means longer hours at the laboratory 
and much hard work; the student needs to learn that 
research for the Ph.D. degree is a serious business re- 
quiring the maximum in personal sacrifice for the sake of 
reliability of the conclusion. Universities have the 
responsibility for the development of this quality in 


. their graduates when awarding their highest degree, the 


Ph.D. 


The insidious reason is sometimes given that if the 
research conclusions of a student’s thesis are eventually 
shown to be in error, the analyst can always be blamed. 
This reason is regarded facetiously by most graduate 
students but it has been used more than once when con- 


- clusions did not hold up. 


The proposition that since industry provides analyt- 
ical services, the student need not concern himself, is 
answered in part in the previous paragraph. But the 
argument by the graduate student, supported even by 
many of his professors, does not justify its validity 
within the educational pattern of a university. It also 
assumes that the graduate student will go into industry 
where services are provided, and not all do. If indus- 
try finds it to its best interest to provide such services 
as a kind of specialization of labor, there can be no 
quarrel with industry’s decision to do it this way. But 
industry does reasonably expect that the Ph.D. hired 
as a research chemist will know the value of analysis 
to research and will have some basis for developing 
sound judgment in requesting analytical services. 


Apart from the absence of the philosophy of analytical 
chemistry that could be developed during graduate 
study, the absence of ordinary undergraduate analytical 
knowledge is often apparent in the Ph.D. Prevailing 
recommendations to minimize or eliminate under- 
graduate analytical chemistry should now be looked at 
carefully as the first of the graduates of this system are 
beginning to appear in graduate school. 


All Ph.D. students in whatever field of chemistry 
should have a critical conception of the value and use- 
fulness of analysis in research in order to function satis- 
factorily as research scientists. Whether they obtain 
this in advanced courses or by being made personally 
responsible for obtaining the analytical data of their 
theses, obviously the need exists for them to make more 
intelligent use of analytical chemistry in research. The 
place to learn should be the university. 
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Déucston of CHEMICAL EDUCATION 


The Committee on Institutes and Conferences 
stimulates institutes, conferences, and symposia in four areas: 
(1) improving the subject matter competence of teachers; 2) 
curriculum examination and development; (3) articulation be- 
tween secondary school and college teachers, and between indus- 
try and education; (4) examining productivity in colleges and 
universities. 

This committee works closely with the Committee on the 
Teaching of Chemistry. Usually the two schedule a joint session 
at National Meetings. : 

The Committee’s activities are so broad in scope that a series 
of subcommittees has proved to be the convenient form of opera- 
tion: 

Summer Institutes. Under its Chairman, D. B. Summers, 
(Alton, Ill., High School) this subcommittee is constantly making 
summer institutes more effective. Two problems receiving cur- 
rent consideration are: (1) stimulating more institutes for 
teachers who are in greatest need of refresher work; (2) making 
the chemistry courses taught at summer institutes more directly 
applicable to the needs of the teacher without having the institute 
programs degenerate into presentations of merely a routine bag 
of tricks for the teacher. 

Subject Matter Conference. Charged with stimulating one-to 
three-week conferences for college teachers on specific topics in 
chemistry, this subcommittee has catalyzed more than 20 such 
conferences during the past three years. Conference topics for 
1961 include: Chemical Bonding, Nuclear Resonance, Non- 
Aqueous Solvents, Chromatography, Plant Biochemistry, and 
Colloids. Chairman R. K. Birdwhistell (Butler) hopes to initiate 
conferences on complex ion chemistry, organic reaction kinetics, 
electrochemistry, and other topics for the summer of 1962. 

Negotiations are now underway to establish an annual series 
of two-week conferences on special topics in modern chemistry for 
college teachers and industrial chemists. Efforts are being made 
to get industrial, as well as NSF funds, for support. 

The Undergraduate Curriculum. Generating conferences to 
examine and make recommendations for overhauling the under- 
graduate chemistry curriculum is the responsibility of B. R. 
Willeford (Bucknell) and F. H. Verhoek (Ohio State) and their 
subcommittee. The Bucknell Conference of 1960 grew out of 
activities of this group [see THIS JOURNAL, 38, 251 (1961)]. 
Plans are proceeding for conferences in the summer of 1962 to 
continue this study. 

Non-Majors’ Chemistry Courses. At the Montana State Con- 
ference of 1960 [see THIS JoURNAL, 38, 253 (1961)], a start was 
made on developing a modern, revitalized course for those stu- 
dents who take only a limited amount of chemistry. For the first 
time in recent years, scholars from sister sciences discussed in 
depth with chemists the ramifications and implications of this 
kind of course. All agreed that such courses are the very foun- 
dation of public understanding of science. Efforts to continue 
work in developing this program are progressing. 


American Chemical Society 


... from the Committee on 
INSTITUTES AND CONFERENCES 


W. T. LIPPINCOTT, Chairman 


Undergraduate Laboratory Program. J.L. Hall (Colorado School 
of Mines) is Chairman of the group that is sampling current 
thinking regarding the undergraduate laboratory. Following 
this survey, plans call for a symposium at a National Meeting on 
new and novel approaches to undergraduate laboratory. 

From its survey and the symposium this subcommittee hopes 
to have sufficient information to organize a conference to recom- 
mend improvements of current laboratory programs. 

Industry-Education Relations. Working under the direction of 
D. S. Allen (Albany State Teachers College), this subcommittee 
is preparing a nationwide file of science councils and their ac- 
tivities. The file will be used to help establish better communi- 
cation among the councils around the country, thus producing 
more effective industry-education cooperation on problems of 
science education. 

In-Service Teacher Programs. This group is attempting to dis- 
cover the greatest current needs of the in-service science teacher 
and to recommend types of conferences or symposia which the 
Committee should stimulate to bring these needs before individuals 
or groups who might be able to provide relief. E. T. Hofman 
(Notre Dame) is Chairman. 

Evaluation Studies. The Wooster Conference of 1959 [see 
THIS JOURNAL, 36, 533 (1959)] was set up to answer these 
questions: How do the very productive liberal arts colleges 
differ from the less productive colleges? What part does re- 
search play in the difference? Productivity was judged by the 
number of alumni receiving the Ph.D. in chemistry (including 
biochemistry) during the period 1936-1956. Results indicated 
that chemistry departments with a favorable research atmosphere 
are the most productive. Fora variety of reasons, the Committee 
is interested in sponsoring a university evaluation conference 
similar to the Wooster Conference. Suggestions as to the best 
approach to this evaluation will be welcomed. 

Chemistry Youth Corps. This subcommittee under Lyle 
Hamilton (Mobil Research Laboratories) will coordinate with the 
Committee on International Chemistry and with the Committee 
on College Teaching in helping set up international teaching 
projects. Dr. Hamilton’s subcommittee is to explore ways of 
financing these projects. 

Research Participation. The Research Participation Program 
of the NSF is one way that college teachers might initiate re- 
search programs. The committee is currently exploring ways of 
stimulating more college teachers to participate in such programs. 

These subcommittees do not exhaust the possible future actions 
by the Committee on Institutes and Conferences. Other prob- 
lems under study include coordination between junior college 
and college or university teachers; junior high and elementary 
science programs; effective coordination with corresponding 
committees in physics, mathematics, and biological societies. 

Individuals interested in working with the Committee on 
Institutes and Conferences should contact the Committee Chair- 
man. 
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Report of the New England Association of Che 


L. E. Strong 

Earlham College 

Richmond, Indiana 

L. B. Clapp and J. O. Edwards 
Brown University 

Providence, Rhode Island 


L. the course of visiting high school classes 
in which the Chemical Bond Approach course is offered 
and college classes on the Visiting Scientist Program of 
the Division of Chemical Education, and in our own be- 
ginning chemistry classes, we have frequently been asked 
questions that seem best answered at this level by using 
structural considerations. In the discussion that fol- 
lows the questions are stated as they have most often 
been asked and the answers are given as they are cur- 
rently being answered in the CBA course although the 
discussion here is extended beyond this treatment in 
some cases. The answers are not the only answers nor 
the most sophisticated. They are the answers that 
might be given to a student in class at the time they 
are asked. 

Pauling led the way in emphasizing the importance 
of structural concepts (for example, the radius ratio) 
in answering chemical problems. His book (/) re- 
cently revised, remains an excellent source for provoking 
questions and probing for answers to questions on 
structure. A classic case is Pauling’s explanation of the 
acidities of oxyacids [for example, the series HOCIO;, 
(HO).SO2, (HO);PO, (HO),Si] from structural consid- 
erations (2). 

‘Why is the formula for carbonate ion CO;~? but 
silicate is SiO.(OH).~?; and nitrate, NO;~, while 
phosphate is PO,—*? 

This question can be expanded to include other 
anions in groups IV and V as well as VI and VII as 
shown in Table 1. The simplest answer to the question 
is that the small atoms, carbon and nitrogen, are not 
large enough to accommodate four oxygens in strong 
bands. If o bonds can be considered to be formed by 
head-on overlap of p orbitals then x bonds in such cases 
may be thought of as arising from sidewise overlap of p 
orbitals after a o bond isformed. Sidewise overlap in a 
a bond occurs in carbonate ion when three atoms are 
joined to carbon by o bonds. The z bond between 
carbon and three oxygens gives stronger bonding than 


This work was made possible in part by a National Science 
Foundation Faculty Fellowship held by one of us (L.B.C.) at 
Earlham College. He is also grateful to Brown University for a 
sabbatical leave during this time. 

Presented before the NEACT at the College of the Holy Cross, 
Worcester, Massachusetts, May 14, 1960. 
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Geometry in the Beginning 
Chemistry Course 


head-on overlap in four o bonds with four oxygens. 
Small atoms of the second period tend to form double 
bonded (one o and one 7) structures, particularly with 
each other. Oxygen and other elements below it in 


~ group VI can form strong z bonds by sidewise overlap 


when a ¢ bond is also present whereas the halogens do 
not have this opportunity at comparable energy. The 
small size of the second period elements allows more 
complete sidewise overlap (z-bonding) since the o bond 
is comparatively short. 

In the larger third period atoms, this sidewise overlap 
is so imperfect as to allow only frail r bonding. The 
next element in each group is large enough to give good 
overlap for four o bonds and the still larger atoms in the 
fifth and sixth periods form six bonds in an octahedrai 
arrangement. 

It is significant to suggest to beginning students that 
geometry (size and shape) plays an important role in 
determining the formulas of substances. 

Size alone cannot be the full answer, however, for the 
difference between the second and third period ele- 
ments, since carbon will form four sigma bonds with 
atoms much larger than oxygen (e.g., the lower halo- 
gens). Among the tetrahalides of carbon, a critical 
size for the halogen to give a stable compound is reached 
at bromine. Although carbon tetraiodide is a known 
substance, it decomposes easily at its own melting 
point and cannot be distilled. This suggests that the 
iodine atoms are crowded if not cramped in positions 
around the tetrahedral carbon. 


Table 1. Formulas of Anions* 
Period IV VI VII 


2 CO;~? N 
3 Si0.(OH).~? SO,-? 

4 Ge? AsO, SeO,~? 

5 Sn(OH).~? Sb(OH).— 10;(0H)3;~?2 


« The next element to the left of carbon in the second period, 
boron, is larger than carbon and can accommodate four groups. 
Borate ion, accordingly, should be written B(OH),~ as has been 
demonstrated by Raman spectra and other evidence (3). The 
radius ratio of boron to oxygen can lead to a coordination number 
of four also. 

> Germanate may have the same formula as silicate or it may 
be analogous to stannate. The formula is not presently known. 

¢ The non-existence of perbromate ion is probably not a matter 
of geometry. It may be a matter of an excessively high oxidation 
potential. Potentials in periods 2 and 4 are much higher than 
those in 3 and 5. 
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Why do carbon dioxide and silicon dioxide (silica) 
bear such a contrast in properties? 

The sharp difference in melting point (1700°C fo: 
white sand or quartz and —77° subl. for dry ice) is 
generally the specific contrast that is implied. If the 
molecular jormula for silica is written more correctly, 
(SiO.)n, most of the difficulty in understanding in re- 
moved, for probably every grain of sand is just one 
molecule. The bonding is of the same type (predom- 
inantly covalent) but the individual bonds are dif- 
ferent (Table 2). Each silicon is surrounded by four 
oxygens in a giant tetrahedral lattice similar to the dia- 
mond structure. Indeed, the high melting point sug- 
gests a closer resemblance between diamond and silica 
than between silica and carbon dioxide. 


Table 2. Properties of Carbon Dioxide and Silica 
CO, (SiO.)n 


Melting point (°C) —77sub. 1700 
Covalent radius 
(central atom ) 0.67A 1.17A 
Structure Linear Giant molecule with silicon 
tetrahedral 


Bonding 2sp+2x 4 sp? 


Although the bond type in silica is called covalent, 
the difference in electronegativity of silicon and carbon 
will undoubtedly mean that the bonding in silica has 
more ionic character than the bonding in carbon dioxide. 

The reason silicon does not (while carbon does) form 
x bonds readily was given in answer to the first question 
above; thus, it is not surprising to find four o bonds for 


silicon in silica. In COs, the strength of the two sp and 
two bonds is greater than that of four sigma bonds. 


Why do two neutral molecules, H.O and HCl, react 
to give two charged particles, H;O+ and Cl-? 

The energy relationships involved in this reaction 
bear out the statement of fact implied in the question 
but do not give an understanding of the event. A 
better picture can be drawn from structures and condi- 
tions of surface areas in the species involved. 


+ Cl- 

Bases 

Triangular Sphere 
pyramid 

Since H is small in comparison with the other atoms 
involved we may look at the sizes of O, Cl, and Cl-. 
The water molecule has a covalent radius near 0.67A 
(oxygen), the HCl molecule near 1.28 A, but the chlo- 
ride ion has a radius of 1.81 The important species 
to consider are the two bases. The ratio of surface area 
in HO and Cl- is near 1:7.4 if the ratio of radii is 
1:2.7. Water is a polar molecule and the oxygen 
carries some fraction of two negative charges. Parts of 
the surface of the small oxygen atom away from the 
hydrogens will therefore have a higher charge per unit 
area (charge density) than the ionic chloride bearing a 
total charge of —1. The polar oxygen in water is 
therefore able to offer more attraction per unit area for 

the proton than Cl~- does; water is the stronger base. 
For a complete picture of this reaction, other factors 
such as energy of hydration of ions and concentration 
effect on base strengths of water and chloride ion would 
have to be considered, but the size and shape of the 


species involved give a clear picture of why the reaction 
starts. 


Why does sulfur dioxide react more readily with 
water than with carbon dioxide? Why is sulfurous 
acid a stronger acid than carbonic acid? 

Lewis structures for sulfur dioxide and carbon dioxide 
indicate one difference in the electronic structures of 
the two molecules. All electron pairs on carbon are 
shared, but one pair on sulfur is not shared. From 
considerations of electrostatic repulsion (4), carbon 
dioxide should be linear and sulfur dioxide a V-shape 
molecule. The angle in sulfur dioxide is 124° (4). 

In terms of orbital pictures, carbon in carbon dioxide 
is described as carrying two sp hybrid (linear) bonds (¢ 
bonds) and two zw bonds; sulfur in sulfur dioxide is 
joined to oxygen in two (or three) sp? hybrid bonds; 
the bonds to oxygen are imperfectly described as two 
o and one g bond. The angle (124°) is compatible 
with this bonding; the expected angle in sp? hybridiza- 
tion is 120°. 

Considerable reorganization of bonds in linear carbon 
dioxide molecules is necessary to change to the planar 
hydrogen carbonate ion (sp? bonding) without ac- 
companying bond improvement (lower free energy). 
Little energy is required to make the change in bonding 
in sulfur dioxide, but considerable bond improvement 


CO, +2H,0=0=C + H,O+K, =4 x 107 


OH 


SO, + 2H,0 2 of 
OH 


+ H,O K, = 1.7 x 107? 


obtains by the formation of one new o bond to the 
third oxygen at the expense of the weak z bond. 
Actually there is some hybridization of the lone pair on 
sulfur (Lewis structure) in OSO,H to give sulfur some 
sp* character. The ion will be pyramidal though not a 
regular tetrahedron. Even so, little reorganization is 
involved in the reaction to go from SO, to QSO-.H. 

The experimental facts are that carbonic acid, H,COs, 
is slow to be formed from CO, and that the equilibrium 
amount in hydrated form is quite small (6). Both of 


CO, + H.O = H.CO; 


the facts are consistent with bond formation involving 
considerable reorganization with little bond improve- 
ment. In the case of sulfur dioxide, where reorganiza- 
tion is less serious and where there is significant bond 
improvement, hydration appears to be rapid and to go 
to high yield. 

The bonding in the two pure acids (carbonic, H,CO; 
and sulfurous, H,SO;) should be quite similar, for the 
electronegativities of carbon and sulfur are the same. 
The K;, values given above differ by a factor of 50,000. 
However, the difference in acid strength of carbonic and 
sulfurous acids is not correctly revealed by these ap- 
parent ionization constants. The constants given are 
for the process 


(XO, 4 H.X0O;) HXO;- +4 Ht 


wherein the hydrated (H,.XO;) and unhydrated (XO,) 
forms are lumped together as “stoichiometric acid.” 
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Tf one corrects for fraction present in unhydrated form 
for the case of carbonic acid, the ionization constant is 
2.5 X 10-*. Since most of the “stoichiometric acid” in 
the sulfur case is in the hydrated form, the correction 
here is negligible and the ionization constant is roughly 
the same as the value given. Thus the ionization con- 
stants of the two acids are less divergent from each 
other than they appear at first sight and the corrected 
values agree within the usual range of error for the rules 
of Pauling (2). 


Why do the acidities of Na(H,O),+, Mg(H.O),+?, 
and Al(H,O),*+* increase in that order? 

The relative size of the central atom of the hydrated 
ion supplies the answer to this question. For simplicity 
only one water molecule is considered around the central 
atom, but relative distances are the important consi- 
deration. If the ionic radius (crystal radius) is taken 
for the central atom and some constant radius for the 
oxygen in water (0.67 A, covalent to 1.40 A, ionic), 
then it is apparent that the bond length (size of the 
hydrated species) decreases sharply to the right. 


Na—O (0.95 + ru.o); Mg—O (0.65 + ru,o); 
Al—O(0.50 + ru,o) 


At the same time the charge on the central atom in- 
creases sharply to the right. Since the distance Na—O 
is greater than Al—O, it will be much easier for posi- 
tively charged aluminum in 


to lose a positively charged proton to a weak base, 

water. The bond between sodium and oxygen will be 

too weak to have such an influence. Therefore Al- 

(H,0).+* hydrolyzes more completely than Mg(H20).*?, 

and Na(H.0).+ scarcely reacts with water at all. 
Al(H;0).+* + H:O = Al(H,0),0H*? + 
Mg(H:0).*? + H.O = Mg(H.0),0H *? + H;O+ 
Na(H.0).+ + nr. 

Although the explanation based on size here is com- 
plicated by charge changes, one can give cases wherein 
this.complication does not enter. The acidities of the 
hydrated alkaline earth ions decrease as the radius of 
the central ion increases from Be to Mg to Ca, ete. 
An exceptionally clear case is the hydrolysis of the lan- 
thanides; as the size of the cation (in this closely similar 
set of ions) decreases, the tendency to hydrolyze in- 
creases. 


How may we account for the properties of the series 
CH,, NH;, H.O, HF, Ne? 

An examination of nuclear and molecular structures 
(Table 3) is instructive. The total structures of these 
five substances in one sense differ only in the number of 
neutrons in the nucleus, for the total number of elec- 
trons and protons is 10. In methane, 6 protons are in- 
side the central nucleus and 4 outside; in ammonia, 7 
inside and 3 outside; in water, 8 inside and 2 outside; in 
hydrogen fluoride, 9 inside, 1 outside; in neon, all 10 
protons inside. The number of neutrons increases 
from 6 to 10. 

The two symmetrical molecules, methane and neon, 
are inert and differ sharply in chemical properties from 
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the other three compounds. In at least two physical 
properties these two also differ sharply from the others 
in having low boiling points and melting points. The 
boiling points of related substances are most easily cor- 
related with the surface area of the molecules (7). 
Although this empirical generalization has not yet been 
extended to unrelated molecules, perhaps inert mole- 
cules of this type could be considered. In any case, the 
larger molecule (CH) does boil higher than neon. The 
physical basis for this surface area to boiling point cor- 
relation presumably lies in the molecular polarizabilities, 
for volumes are proportional to polarizabilities as are 
the van der Waals forces. The surface area, then, is 
not the fundamental property that governs boiling point 
even though the correlations are better on this basis 
than in any other empirical relationship so far dis- 
covered. 

The most important features of the other three mole- 
cules are their dissymmetries and the large electro- 
negativities [Pauling scale (8)] of the central atoms N, 
3.1; O, 3.5; and F, 4.1. Hydrogen bonding is therefore 
important in these molecules and their apparent mo- 
lecular weights may be considerably greater than the 


- formula weights. Electronegativities suggest that HF 


should form the strongest hydrogen bonds. It does, 
but this is not reflected in the boiling points where 
water falls out of line. One more structural feature 
needs attention in this unique molecule, water. The 
oxygen bears two sites in the octet occupied by hydro- 
gen atoms and the same number of unoccupied sites 
(unshared pairs), while nitrogen and fluorine have 
unequal numbers of occupied and unoccupied sites. 
Hydrogen bonding can only result in two-dimensional 
polymers in the case of ammonia and hydrogen fluoride, 
but three-dimensional aggregates are possible in water. 
This is reflected in both the liquid (high bp) and solid 
states (high mp). A plot of melting point or boiling 
point of the five isosteres in Table 3 in the order given 
shows a decided peak for water (two possible hydrogen 
bonds per molecule) and intermediate points for am- 
monia and hydrogen fluoride (one possible hydrogen 
bond per molecule) with methane and neon at the low 
points (no hydrogen bonds possible). 


Table 3. Structures of Five lsosteres 


Outside the 
Structure in central Melt- Boil- 
—nucleus— —nucleus— ing ing 
Pro- Neu- Pro- Elec- point point 
tons trons tons trons (°C) (°C) 
H 
H:C:H 6 6 4 10 — 184 —161 
H 
H:N:H 7 7 -77 —33 
H 
H:0: 8 0 100 
H 
H:F: 9 10 —92 19 
:Ne: 10 10 0 10 +249 


Why is silicon tetrachloride so reactive in comparison 
with carbon tetrachloride? 
The argument on relating structural symmetry and 


aie 
+3 
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physical properties (question 6) in molecules cannot be 
extended to chemical properties where the dissimi- 
larity of the atoms that form the individual bonds 
governs the chemical properties. 

Bonding in GeCl, and SnClk, is of the 
same type, sp’, but the electronegativity differences of 
the two atoms forming the bonds are presumably very 
marked (Table 4) even though the dipole moments of 
these symmetrical molecules are zero. The C—Cl bond 
is not strongly polar in comparison with the Si—Cl 
bond and in spite of molecular symmetry, the Si—Cl 
bond itself is easily distorted (polarized) and the mole- 
cule decomposes rapidly in hydrolysis, alcoholysis, and 
ammonolysis reactions (9). One other important factor 
is the availability of d-orbitals to Si, Ge, and Sn which 
are denied to carbon, at least at low temperatures. 
The tetrahedral silicon may first add water, for exam- 
ple, to give an octahedral d*sp* structure before any 
Si—Cl bonds are broken. 

The unsymmetrical covalent halides in groups V and 
VI reflect their strong polar character in boiling points 
(compare SnChk, SbCl;, and TeCl; for example) and 
dipole moments. Presumably the V-shaped mole- 
cules in group VI would have dipole moments signifi- 
cantly different from zero. 


Table 4. Properties of Some Covalent Halides 


Boiling 
Formula point Electroneg. Dipole 

weight (°C) difference moment 
CCl 154 77 0.3 0 
170 57 0 
GeCl, 214 87 0.8 0 
SnCk 261 114 0 

137.5 74 0.7 0.8 
AsCl, 181 130 0.6 3.1 
SbCl; 228 220 1.0 3.9 
SCl, 103 59 0.4 aN 
SeCl, 150 0.3 
TeCl, 199 324 0.8 


Why is the chemistry of phosphorus acid so different 
from that of arsenious acid? 

It is known that phosphorous acid, H;PQOs, is. strong 
(K, = 5 X 10-*) while arsenious acid is quite weak 
(K, = 6 X 10-"). Such a large difference would not 
be expected from the normal family relationship. 
Also, it is known that the arsenic compound is often 
rapidly oxidized whereas oxidations of the phosphorus 
compound are invariably slow. 

The difference between these two compounds is one 
of geometry. Arsenious acid has a structure 

H 
HO: As:0H 


which is similar to other related oxyacids. It has an 
ionization constant consistent with the Pauling (2) 
rules, and the ease of oxidation presumably stems from 
the unprotected nature of the spare pair of electrons on 
arsenic. Phosphorous acid, on the other hand, has the 
structure 


H 


H:P:0H 
H 
which is quite unusual. The third hydrogen is bonded 


to the phosphorus directly, so that only two O-H bonds 
are present. The ionization constant is consistent with 
the prediction of Pauling’s rules for this structure. One 
can also explain the slow rates; there is no unprotected 
electron pair on phosphorus so that oxidation can only 
occur by breaking a phosphorus-to-hydrogen bond. 
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To the Editor: 

I call attention of your readers to a simple method 
for the laying out of sites for bonds on spherical atoms. 
One simply draws a circle of the same size as the atom 
and lays out the desired angle with a protractor from 
the center of the circle. The desired distance is picked 
up with a compass or dividers from the points of inter- 
section of the angle with the circumference and trans- 
ferred to the ball. In case one has no dividers, pin- 
holes in a strip of any flexible material will suffice to 
transfer distances. The most frequently encountered 
angles are 90°, 109° 28’, 120°, and 180°, or small dis- 
tortions of these. For the more obtuse angles it is 
easier to transfer distances if the divider points are 
bent or if flexible strips are used. This method is 
somewhat different from that given by Mrs. Katherine 
Hoffman, TH1s JOURNAL, 37, 637 (1960). 


L. BAKER 


JACKSONVILLE UNIVERSITY 
JACKSONVILLE, FLORIDA 
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BOOK REVIEWS 


General Organic Chemistry 


William C. Stickler, University of 
Denver, Colorado. Longmans, Green 
& Co., Inc., New York, 1960. x + 630 
pp. Figs. and tables. 16 X 23 cm. 
$7. 


‘In the words of the author, this text is 
“designed to give a general introduction 
to the field of organic chemistry.’”’ The 
book is planned for use in a full year course 
for premedical and other preprofessional 
students, and for chemistry majors; but, 
its organization is such that it also lends 
itself to adaptation for use in the concen- 
trated one semester course. 

The selection of topics for the discus- 
sions and the organization of the subject 
material reflect well the author’s view ex- 
pressed in the preface that “undergraduate 
texts must be brought into line with the 
newer concepts in theory and practice’ 
and also indicate his understanding and 
appreciation of the difficulties usually 
experienced by the average student at the 
beginning of his study of organic chemis- 
try. 

Part I presents a gradual introduction 
of theoretical interpretations. The order 
is conventional, starting with hydrocar- 
bons. In this section and throughout the 
text, the chemistry of aliphatic and aro- 
matic compounds is treated concurrently 
rather than separately in two divisions. 
The fairly extensive treatment of stereoiso- 
merism in Chapter 10 is fully justified by 
the over-all importance of this topic in 
organic chemistry today. To aid the 
student in his study, a list of new concepts, 
terms, symbols, and reactions introduced 
in the chapter, is found at the end of each 


Reviewed in This Issue 


chapter in this part, while in Parts II and 
III this enumeration is replaced by a list 
of well selected references. Study ques- 
tions follow all chapters in the book. 
These questions are so formulated as to 
recall facts and to promote thinking. 

Part II, by far the most extensive sec- 
tion of the book (312 pages), is divided 
into ten chapters. Here discussions are 
based on modern theoretical interpreta- 
tions with emphasis on reaction me- 
chanisms, and the student is called upon 
to use many of the concepts met first in 
earlier chapters. The physico-chemical 
aspects of compounds, their preparation 
and reactions are presented. The organo- 
metallic compounds .are discussed in 
Chapter 16 where the magnesium, sodium, 
lithium, and arsenic derivatives are 
covered. While the z-bonded organo- 
metallic compounds are not included in 
this chapter, the preparation and proper- 
ties of ferrocene are taken up in the chapter 
on heterocyclics. 

The final three chapters in Part III 
introduce “several classes of naturally 
occurring substances which play indis- 
pensable roles in the chemistry of living 
organisms.”” The topics covered are: 
Amino Acids and Proteins, Carbohydrates, 
and Heterocyclic Compounds. 

This carefully prepared up-to-date ex- 
position of the principles of organic 
chemistry, written in a clear, definite, and 
interesting style should fill the needs of 
many college teachers for a satisfactory 
text for a one year undergraduate course 
in organic chemistry. 

Nan V. THORNTON 
Randolph-Macon Woman’s College 
Lynchburg, Virginia 
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Thermoelectricity 


Edited by Paul H. Egli, U. S. Naval 
Research Laboratory, Washington, 
D.C. John Wiley & Sons, Inc., New 
York, 1960. x + 407 pp. Figs. and 
tables. 15.5 X 23.5em. $10. 


This book consists of 23 papers on 
various aspects of thermoelectric phenom- 
ena. Many of these papers were given 
at the Conference on Thermoelectricity 
sponsored by the Naval Research Labora- 
tory in Washington, D. C., September, 
1958. The preface by Egli is dated July, 
1960, and the papers are of such a basic 
nature that they are still of current in- 
terest. 

The translation of A. F. Joffe’s books 
on thermoelectricity in 1957 has had an 
extraordinary catalytic effect on American 
publications in the field. A number of 
review articles on thermoelectric properties 
of semiconductors and several books de- 
voted exclusively to thermoelectricity 
have already appeared. 

In many respects the book under re- 
view is the best of the lot. In common 
with the Kaye and Welsh book (Direct. 
Conversion of Heat to Electricity, Wiley, 
1960), this is an edited compilation of con- 
ference papers by recognized authorities 
in the field with the resulting variations in 
writing. In spite of the variation of in- 
dividual style and interest, the field is 
very well covered and the editor has done 
a good job of organization. 

The book is divided into four sections: 
Fundamental Concepts in Thermoelec- 
tricity, Basic Parameters in Thermoelec- 
tricity, Chemical and Physical Properties 
of Materials at High Temperatures, and 
Measurement of Materials Properties. 
There is a conclusion section on Criteria for 
Materials Development. Each section is 
prefaced with a unifying summary by the 
editor. Individual papers range from 
reviews to original research. 

There are many things about this book 
which appealed to the reviewer: (1) This 
book has a flavor of fundamental research 
(as opposed to an engineering approach). 
(2) The emphasis in most of the contri- 
butions has been on the significance of 
the experimental data collected to date, 
rather than on a detailed exposition of a 
particular experiment. Only in contri- 
butions on the thermal conductivity of 
germanium and indium antimonide were 
detailed results of a particular experi- 
ment presented, and in the latter paper 
(by Bettman and Schneider) consider- 
able attention was paid to fundamental 
problems in the measurement of thermal 
conductivity. (3) The discussions are 
mostly nonmathematical and will have 
considerable appeal to a beginner in the 
field. One doesn’t get bogged down by 
discussions of transport equations or with 
calculations of generator efficiencies. 
This simplification of the content material 
is effective in making the phenomena of 
thermoelectricity more familiar and much 
more understandable. As a result of this 
treatment the book has considerable 
heuristic appeal. (4) The book is an ex- 
cellent compendium of the diverse factors 
which influence thermoelectric parameters 
and the influence of these factors on ther- 
moelectric parameters is clearly stated. 
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Thermoelectricity is truly a ‘“‘melting pot’’ 
science and has borrowed extensively 
from the techniques and results of more 
conventional disciplines. The chemist, 
physicist, and metallurgist all play roles 
in thermoelectricity but the individual 
may not be aware of the contributions and 
problems in the other fields. There is al- 
ways a need for a book like this which cor- 
relates scattered information and relates 
it to the central problem. 

The book should do much to spur in- 
creased research in the thermoelectric 
properties of materials and is highly 
recommended as a reference. It should 
be read by anyone interested in this new 
field who is looking for problems to in- 
vestigate. 


Ricuarp C. CaRLSTON 
Grumman Aircraft 
Engineering Corporation 
Bethpage, L.I., N. Y. 


Kinetics and Mechanism 


A. A. Frost and R. G. Pearson, both of 
Northwestern University, Evanston, 
Illinois. 2nd ed. John Wiley & Sons, 
Inc., New York, 1961. ix + 405 pp. 
Figs. and tables. 16 XK 23.5cm. $11. 


The revisions in this second edition are 


largely due to Dr. Pearson and are chiefly . 


in the areas of elementary reactions in the 
gaseous phase and in the study of very 
rapid chemical reactions. The extra 
material adds 62 pages to the first edition. 

The authors are especially concerned 
with the study of the mechanisms of chemi- 
cal reactions. In each case they go as far 
as they can in establishing just what ele- 
mentary processes are involved and the 
nature of the corresponding activated 
complex. The book is carefully written 
and, while not exhaustive, includes many 
illustrative examples. It is well suited 
to graduate courses in chemical kinetics of 
intermediate scope. The modern statisti- 
cal mechanics approach is developed and 
discussed; the authors provide a useful 
point of departure in this important field. 


Henry Eyrine 
University of Utah 
Salt Lake City 


Viruses and the Nature of Life 


Wendell M. Stanley, University of 
California, Berkeley, and Evans G. 
Valens. E. P. Dutton & Co., Inc., 
New York, 1961. 224 pp. Illustrated. 
17 X 24.5cem. $4.95. 


This book is an excellent elementary in- 
troduction to some fundamental aspects 
of biology today. It is an outgrowth of a 
series of eight half-hour films which were 
broadcast on an educational television 
station in San Francisco, in cooperation 
with the University of California. The 


conversion of these broadcasts into the 
form of a book is, in my opinion, highly 
successful. Professor Stanley and Mr. 
Valens were primarily responsible for the 
television programs and the organization 
of the book, but there are valuable chapters 
by six of Stanley’s associates in the De- 
partment of Virology of the University of 
California—R. C. Williams, G. S. Stent, 
A. B. Pardee, Harry Rubin, C. A. Knight, 
and H. L. Fraenkel-Conrat. The general 
presentation is clear and should be under- 
standable and interesting to the educated 
layman. 

The emphasis is naturally on viruses, 
as molecules, as organisms, and as disease 
producing agents. However, studies on 
viruses have furnished a large part of the 
great recent advances in _ biochemical 
genetics, and the discussion here is carried 
on in a broad biological perspective. 

The numerous excellent photographs are 
carefully coordinated with the text. Oc- 
casionally the reader might wish for spe- 
cific captions attached to the photographs, 
rather than having to read through the 
adjoining text in order to make the correla- 
tion. 

Some of the chapters will be harder 
reading than others, for thelaymen. For 
instance, the section on “The Virus as a 
Molecule” by R. C. Williams, although ex- 
cellently presented, involves an elementary 
discussion of ultracentrifuge and x-ray 
diffraction data, and its implications will 
by their very nature be most understand- 
able to readers who already have a funda- 
mental background in physics and chemis- 
try. This is largely true also of the dis- 
cussions by Knight and by Fraenkel- 
Conrat on ‘The Chemicals of Life’’ which 
deal with some of the fundamental prob- 
lems involved in unraveling the biochemi- 
cal mechanism of inheritance, and the 
nucleic acid code which presumably de- 
termines the specificity of protein biosyn- 
thesis. In other parts of the book the 
reader is introduced to some of the great 
discoveries in modern biology, such as 
transduction, with highly suggestive re- 
marks concerning their possible signifi- 
cance in disease. The relation of viruses 
to the causation of cancer is thoughtfully 
explored. 

As is natural, there is a strong emphasis 
on the achievements of the Virology De- 
partment at the University of California, 
which is certainly one of the great centers 
for such work in the world today. Al- 
though work in many other places is re- 
ferred to, the reader unfamiliar with the 
field may not fully realize from this book 


how broadly international the whole de--- 


velopment of modern virology has been. 

The authors are experts who are also 
enthusiasts about their subject, and they 
have striven to be clear and accurate as 
well as interesting. The book should serve 
as valuable supplementary reading for 
many students, in conjunction with funda- 
mental courses in chemistry and biology. 
It should also appeal strongly to many 
general readers who are eager to learn 
something of the great advances that are 
taking place in the borderland between 
chemistry and biology today. 


Joun T. EpSALL 
Harvard University 
Cambridge, Massachusetts 


Scientific Russian 


James W. Perry, University of Arizona, 
Tucson. 2nd ed. Interscience Pub- 
lishers, Inc., New York, 1961. xxvi + 
565 pp. Tables. 16 < 23.5 em. $9.50. 


Widespread intensification of interest 
in the Russian language in the post- 
Sputnik era will increase the demand for 
this new edition of Professor Perry’s guide 
to Russian scientific literature, but the 
merits of the presentation would well 
justify even greater interest. 


A particularly helpful feature, given 
a strategic position early in the book, is 
a systematic discussion, illustrated with 
tabulated glossaries, of ways in which 
Russian terminology adapts borrowed 
technical terms to the language. These 
terms are often but not always obvious 
equivalents of the transliterated counter- 
parts, and these aids to their detection 
are useful. More attention to the con- 
siderable Greek and Latin influence in 
native Slavic words would have been 
helpful to an earlier generation of English- 
speaking scientists, but so few now study 
Greek or Latin that this omission will 
scarcely be missed. 


The attention given to pronunciation, 
grammar, and sentence structure is ju- 
diciously arranged to suit the declared 
purpose of aiding students to read, while 
leaving instruction in speaking Russian 
to other (preferably more personal) 
sources; it includes recognition of the aid 
to understanding often contributed by an 
approximate idea of the pronunciation of 
a word. 


Transliteration, a thorny question when 
32 letters must be compressed into 26, 
gives preference to the system employed 
by Chemical Abstracts but recognizes 
other systems too. Facility in translation 
is given an assist every now and then, 
often by way of polite but firm prodding 
toward smooth renderings and away from 
the common tendency to translate too 
literally. This calls for frequent refer- 
ences to idiomatic differences between 
the ways followed by equivalent English 
and Russian expressions. Fortunately for 
American students, Professor Perry is an 
American and anglicisms, though occasion- 
ally recognized, are not allowed to cloud 
the issues. 


Reading exercises, taken from Russian 
literature and illumined by notes, are 
well selected for practice in reading and 
translation, and become more involved 
as the lessons progress. Translation ex- 
ercises also progress toward more diffi- 
cult selections. Abbreviations receive at- 
tention through the text and are discussed 
in a short appendix with glossary. 

The new edition is an improvement 
over the first one of a decade ago, both as 
to text and as a bookmaking job. Bind- 
ing, paper, typography, and accuracy 
are fully acceptable. 


JULIAN F. 
Lenoir-Rhyne College 
Hickory, North Carolina 
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Radioactive Isotopes in Biochemistry 


Engelbert Broda, University of Vienna, 
Austria. D. Van Nostrand Co., Inc., 
Princeton, New Jersey, 1960. x + 376 
pp. Figs. and tables. 15.5 x 23 cm. 
$11.50. 


In view of the rapid expansion and 
significance of radioisotopic methods in 
biochemical research, it is necessary to 
acquaint both student and research work- 
er with the principles of radioisotope 
applications to living and non-living 
biological systems and to review the 
most outstanding results of this new meth- 
odology. In an attempt to meet both 
requirements the author has produced 
a most valuable work that unites the 
features of a textbook with those of a 
review, but suffers unavoidable short- 
comings which such a synthesis brings. 

The chapters dealing with radioisotope 
methodology which comprise about one 
third of the volume are a good intro- 
duction, but do not supply adequate 
knowledge to biologists and biochemists 
who wish to apply these powerful but ex- 
tremely intricate methods to their own 
research problems. The main part of 
the book, applications of these techniques 
to biochemical problems, is best char- 
acterized by the fact that 3380 pertinent 
references are critically evaluated along 
with quotations from 81 books and 108 
collective volumes. 

This very comprehensive synopsis of an 
enormously large field constitutes the 
main value of the present volume, but 
also requires concise and condensed 
treatment. It will be difficult reading for 
those who have no more knowledge of 
radioisotopes than the author offers in 
the introductory chapters or who do not 
have complete familiarity with the com- 
plex biochemical problems under dis- 
cussion. 

There are unsolved problems in radio- 
isotope application in vitro and partic- 
ularly in vivo. The author makes the 
generally accepted distinction between 


“radiochemistry” and “radiation chemis- - 


try” and then says that “within the compass 
of the book radioactive atoms will be used 
as labels only, and the radiation emitted 
by them will be used for their analytical 
detection only. Hence, in this book it 
will always be tacitly assumed that the 
rays produce no disturbing effects on the 
materials investigated.’”’ Is this assump- 
tion justified? Such effects have been 
definitely established with tritium which 
tends to induce polyploidism in plant 
cells. Whether radioisotopes of higher 
atomic weight such as or S® 
can affect a sensitive nuclear emulsion, 
as in the case of autoradiography, without 
affecting the biological matter through 
which the emitted radiation must pass 
in much greater strength, only future 
research will tell. This limitation, how- 
ever, should not exclude the use of radio- 
isotopes as tracers in “bulk’’ metabolic 
studies and it is here where their greatest 
value lies and to which the author has 
devoted the largest space and greatest 
emphasis. 

However, if we wish to elucidate in 
greater detail the intricacies of the met- 
abolic mechanisms by way of radio- 
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isotopes, another limitation appears. 
This method is based on the assumption 
that radioatoms behave exactly as the 
corresponding stable atoms except for 
the emission of radiation and the admit- 
tedly small radioisotope effect. How- 
ever, recent investigations on organic 
compounds tagged with ‘radioisotopes 
have shown that radioactive atoms change 
their place within the molecule due to 
the development of electric charges, 
ionization, radical formation, and re- 
consititution, especially if the radioatom 
is held only by weak chemical bonds. 
More research in this field will be nec- 
essary before we can draw definite con- 
clusions on the structure of the original 
or metabolic product from the place of 
the radio atom in the degradation or 
metabolic end product. 

In spite of these limitations radio- 
isotopes have become a powerful tool 
in biochemical research and it is, there- 
fore, essential that chemists, biochemists, 
and biologists familiarize themselves 
with the fundamental principles of its 
applicatioh and the most outstanding 
results so far attained. To all of them 
the book is warmly recommended, al- 
though the concentration of an enormous 
amount of material in a slender volume 
makes for difficult reading. The con- 
ciseness of the presentation also posed a 
most difficult problem for the translator 
which he has solved satisfactorily. 


Francis JosEpH WEIsS 

Science and Technology Division 
Library of Congress 

Washington, D. C. 


Molecular Distillation 


G. Burrows, Associated Electrical In- 
dustries, Ltd., Manchester, England. 
Oxford University Press, New York, 
1960. viii + 214 pp. Figs. and 
tables. 14.5 X 22.5cm. $5.50. 


Although addressed to engineers by a 
professional engineer who has been as- 
sociated with the development of the 
open-path still for 30 years, this book 
could well serve as a standard college text, 
particularly if the preface of background 
material were rewritten to interest the 
novice. 

The teachers of physics and more ad- 
vanced physical chemistry will find all 
calculations and formulae necessary to 
make the qualitative operation of labora- 
tory stills quantitative. An example is the 
separation of a binary mixture in the 
batch still which is presented graphically 
as well as by the Rayleigh equation. 

Chapter 1 deals with the gas laws as 
applied to evaporation per se and evapora- 
tion into an atmosphere of residual gas. 
Chapter 2 presents the Langmuir equation 
which connects the vapor pressure(s) with 
rate(s) of unobstructed path distillation 
and the various factors, grouped as the 
evaporation coefficient, which reduce the 
rate below the maximum calculated. 
Chapters 5 and 7 deal with apparatus— 
laboratory and industrial stills and de- 
signs that have aimed at making an auto- 


matically operating repetitive or fraction- 
ating still. Chapters 4 and 8 deal with 
supportive technology, the kinds of pumps 
and gauges required, how to degas raw 
feed material and calculate the anticipated 
quantity of gas to be removed, and how to 
design for gas removal. 

The book is unique and as far as mathe- 
matical treatment is concerned, almost 
exhaustive. However, the reader (lec- 
turer) wishing to present a rounded story 
to students, will want to consult Perry and 
Hecker, both in articles in Weissberger’s 
“Techniques of Organic Chemistry, Vol. 
Howatt’s review in ‘(Chemical Age’’ 
and earlier reviews by Fawcett, Burrows, 
and associates in “Chemistry and In- 
dustry”? and Hickman’s article in ‘‘(Chem- 
ical Reviews.”’ If the teaching is to ex- 
tend to chemical engineers, the finest 
source material is in the Search Room at 
the Patent Office, Department of Com- 
merce, where in Class 202 can be found 
in a few packed folders the whole pano- 
rama of vacuum stills and vapor pumps 
from the turn of the century to the pres- 
ent, including the U. S. equivalents of 
Geoffrey Burrows’ own English patents. 
Here, rather than in the textbooks, are the 
pictures and diagrams for lantern slides. 

The molecular still was born in Sweden 
and Britain and it was C. R. Burch at 
Metropolitan Vickers who enunciated and 
applied the principles to organic chemistry. 
Much of the development has been done 
by Burrows in the Metropolitan-Vickers 
laboratory and it is appropriate that the 
first book should spring from this locale. 
If the treatment tends towards the anglo- 
centric, this is regrettable only where 
other approaches fail to find space in just 
200 pages. Two copies, please, of this 
book in each chemistry department, one 
for the library, one for the work bench. 


KENNETH HICKMAN 
Rochester, New York 


Tables of Thermodynamic and Trans- 
port Properties of Air, Argon, Carbon 
Dioxide, Carbon Monoxide, Hydrogen, 
Nitrogen, Oxygen and Steam 


Joseph Hilsenrath, et al., National 
Bureau of Standards, Washington 
_D. C. Pergamon Press, Inc., New 
York, 1960. xiii + 478 pp. Figs. 
and tables. 20 26cm. $20. 


Perhaps the best way to review a book 
of this sort is merely to describe its con- 
tents without comment. 

-The tables include compressibility fac- 
tors, densities, specific heats, enthalpies, 
entropies, specific heat ratios, sound ve- 
locities, viscosities, thermal conductivities, 
Prandtl numbers, vapor pressures, and co- 
efficients for equations of state. 

This material was originally published 
as National Bureau of Standards Circular 
564 by the United States Department of 


Commerce. In its present form it is re- 
printed with revisions to 1960. 
W. F. Luper 
Northeastern University 
Boston, Massachusetts 
(Continued on page A766) 
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FROM 

PRENTICE 


FOR APPROVAL COPIES 
WRITE: BOX 903, DEPT. JCE 
PRENTICE-HALL, INC. 


Inorganic Chemistry of 
Qualitative Analysis 
by ALAN F. CLirForD, Purdue University 


Uses the relationships of qualitative analysis to teach the chem- 
istry of the periodic table in a systematic fashion, showing how 
the analytical scheme is built on and reflects the systematics of 
the periodic table. Thus the “solubility rules” are expanded 
and shown to be examples of trends within the periodic table. 


1961 515 pages Text list: $6.95 


Organic Chemistry 
by KeitH M. Seymour, Butler University 


Presents those facts and principles which serve to give students 
a working knowledge of the more important types of organic 
compounds. Pertinent theories and new concepts are used only 
after the experimental basis for them has been studied and when 
they contribute to the understanding of the material under 
consideration. 


1961 321 pages Text list: $6.75 


Experimental Nuclear Chemistry 
by Grecory R. Cuoppin, Florida State University 


Designed to help teach the techniques and necessary basic theory 
for utilization of radioisotopes in research and experimentation. 
A variety of experiments and techniques are included with a 
discussion of the theory behind each. 


1961 256 pages Text list: $6.95 


Organic Chemistry, 3rd 

by Ray Q. BREwsTER and WILLIAM E. McEwen, 

University of Kansas 

Offers a thorough, well balanced presentation of organic chem- 
istry with emphasis upon theory and mechanism of reactions. 


Material is presented in sequential fashion, with each chapter 
building upon its predecessor. 


1961 864 pages Text list: $10.00 


Synthetic Inorganic Chemistry 

by L. JoLty, University of California, Berkeley 

Shows how the synthetic inorganic chemist thinks. The text 
serves the dual purpose of supplementing lecture material and 
serving as a iheowtery manual for a course in preparative 
inorganic chemistry. 

1960 196 pages Text list: $6.00 


Elementary Organic Chemistry 


by Ernest E. CamPaIGNE, Indiana University 


Contains an integrated, complete survey of elementary organic 
chemistry in the initial mag a0 Following are ten chapters 
devoted to hydrocarbons, halogen compounds, oxygen com- 
pounds and nitrogen compounds of carbons. The remaining 
chapters cover the organic chemistry of naturally occurring 
compounds. 


1961 360 pages Text list: $7.50 


ENGLEWOOD CLIFFS, NEW JERSEY 
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BOOK REVIEWS 


Comprehensive Analytical Chemistry. 
Volume 1B, Classical Analysis 


Cecil L. Wilson, Queen’s University of 
Belfast, Ireland, and David W. Wilson, 
Sir John Cass College, London. Else- 
vier Publishing Co. Distributed in the 
United States by D. Van Nostrand Co., 
Inc., Princeton, New Jersey, 1960. 
xxii + 878 pp. Figs. and tables. 16.5 
X 23 em. $30. 


This is the second part of Volume 1, Clas- 
sical Analysis. As was part one (THIS 
JOURNAL, 37, A 384 (1960)) this contribu- 
tion to the literature of analytical chem- 
istry was eagerly awaited. Superlatives 
are insufficient to describe the excellent 
scope and value of this new chemical 


series. The editors, their advisory board, 
and the contributors to each part are to 
be highly commended for their combined 
efforts. 

Volume 1A, Classical Analysis, con- 
sists of six chapters including chapters on: 
Inorganic Qualitative Analysis, Organic 
Qualitative Analysis, and Inorganic Gravi- 
metric Analysis. Volume 1B _ includes 
chapter 7, “Inorganic Titrimetric Analy- 
sis’ (398 pages) and chapter 8, “Organic 
Quantitative Analysis’ (429 pages). As 
in 1A there is good balance between the 
theoretical and practical aspects of the 
topics. The laboratory directions and 
accompanying notes for each analytical 
procedure are detailed and clear. 

Chapter 7 is composed of 10 parts in- 
cluding passages on theory and _ prin- 
ciples, apparatus, acidimetry and alkali- 
metry, argentometric methods, 11 com- 
monly used oxidants and reductants, a 


the 


New Nalge techniques give you accuracy never before 
because now for 
the first time graduates can be molded to absolute uni- 

formity every time. You get finer calibration lines than 
flat, easy to read. Non- 
-wetting walls contain and deliver the same amount 


possible in plastic, or even in glass, 


ever before. Meniscus is 


of solution every time. 


Corrosion resistant, of course. Virgin polypropylene 
throughout, with stable octagonal base. No more loss 
of valuable contents and no dangerous 
acid splash through breakage. So next 


time you break a a graduate, 
replace it with Nalgene—comp lete 
line of sizes from 25 to 2000 ml. 
Ask your laboratory supply dealer. 


New Nalgene graduated cylinders feature 
calibration to best glass standards, 
in accordance with federal specifications. 


them 
better! | 


A random sampling by a 


cations for accuracy. Actual 
tests on 50 ml graduates: 


Accuracy tested, accuracy proved! 


nationally-known testin 

laboratory* shows new Nal ene graduates to be we 
within National Bureau of Standards Class A specifi- 
ual calibrations found in 


Capacity, ml. 10.00 20.00 30.00 40.00 
Nalgene Instrument No. 12 10.01 19.99 29.86 39.92 


Nalgene Instrument No. 13 10.04 19.99 29.87 39.88 
Nalgene Instrument No. 14 10.07 20.03 29.89 39.87 


*Name and data on request. 


New complete line catalog. write Dept. 1810. 
e 
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THE NALGE CoO., INC. 


ROCHESTER 2, NEW YORK 


The Quality Standard of Plastic Laboratory Ware 
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98 page section devoted to titrations with 
EDTA, and a brief section on miscel- 


laneous_ reagents. To _ illustrate the 
breadth of coverage presented in this 
chapter attention is drawn to the EDTA 
passage. Here are included such topics as 
stability of complexes, visual and instru- 
mental end-point detection, list of ele- 
ments determinable, procedures involving 
both direct and back titrations, and 
general statements on precautions and 
calculation of results. 

Chapter 8 includes 4 basic subdivi- 
sions: Treatment and Weighing of Sam- 
ples, Determination of Elements, Deter- 
mination of Functional Groups, and Titra- 
tions in Non-aqueous Solvents. The ele- 
ments covered are carbon, hydrogen, nitro- 
gen, the halogens, sulfur, oxygen, and 
many metals. The analyses for all com- 
mon functional groups are covered in de- 
tail. It is especially valuable to have 
this up-to-date compilation of these ele- 
mental and functional group methods. 
The passage on non-aqueous titrations. is 
brief (59 pages), but the reference list for 
this passage is very extensive. 

Figures and tables are adequate. A 
more adequate index could have been pre- 
pared. 

It is difficult in a comprehensive text 
of this type for each reader to be in com- 
plete agreement with all aspects of the 
manner of presentation. Any criticisms, 
however, become minor when it is realized 
that these volumes are peerless. Volume 
1B is a first class work containing more 
than 2000 references to the original 


literature. Enough said! 
J. M. PapPENHAGEN 
Kenyon College 
Gambier, Ohio 


A Textbook of Chemistry 


Stella Goostray, Philadelphia General 
Hospital, Philadelphia, Pennsylvania, 
and J. Rae Schwenck, Sacramento 
City College, Sacramento, California. 
8th ed. The Macmillian Co., New 
York, 1961. xiii + 502 pp. Figs. and 
tables. 14.5 X 21.5cm. $6.95. 


This book is written for a one year 
course for nurses. The authors are ex- 
tremely optimistic that student nurses 
may assimilate inorganic, organic, and 
biological chemistry in a single course. 
Especially is this true with the more diffi- 
cult biochemistry based on a meager 
foundation of fundamental chemistry pre- 
sented as a hodge-podge of facts with 
very few correlating principles. The 
concepts of the mole, periodic table, 
equilibrium, atomic structure, and molec- 
ular bonding are mentioned briefly but 
rarely used. The Arrhenius concept of 
acids and bases is used throughout. Elec- 
tron transfer is not used with oxidation- 
reduction reactions. 

Words and terms are used without 
definition, although a glossary is provided 
in the appendix. On page 23 atomic 
weight is used but not defined until page 
35. Exponential numbers are used: ‘as 
early as page 34 with an inadequate ex- 
planation of such numbers on page 204. 


(Continued on page A768) 
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. PRINCIPLES AND PRACTICES E TEXTBOOK OF 
4 OF ORGANIC CHEMISTRY [INORGANIC CHEMISTRY 
- By Frederick G. Bordwell, Northwestern By S. Young Tyree, University of North 
; niversity Carolina, and Kerro Knox, Bell Tele- 
d This text stresses structure and reac- phone Laboratories, Inc. 
7 tion types rather than functional 1961, 434 pp., IIl., $7.00 
classes. A thorough training in func- thi 
tional group chemistry is provided, esigned for introductory courses, this 
4 however, since the behavior of func- text provides a well-defined treatment 
4 tional classes is reviewed each time of basic chemical behavior and the 
> new reaction types appear. Over 800 ganic 
problems require application of princi- chemistry. Each group of elements, 
\ ples to new situations, while many pe ng ape according to the periodic 
- introduce new factual material. Nota- table, is “<= with regard to “gpa 
ble features include extensive cross- rence and history, preparation an 
t references and comprehensive foot- physical properties, as well as chemical 
- notes. Spring, 1962 properties and the uses of compounds. 
e >? 
: LABORATORY OPERATIONS LABORATORY PRACTICE 
‘ IN ORGANIC CHEMISTRY OF ORGANIC CHEMISTRY, Fourth Edition 
' By W. B. Renfrow and P. J. Hawkins; By G. Ross Robertson and Thomas 
both, Oberlin College Jacobs; both, University of California, 
Techniques now common in modern Los 
0 research are included in this up-to- An extensive, but informal treatment 
. date manual—infrared and ultraviolet of the basic principles of laboratory 
spectroscopy, correlation of structure manipulations, including a detailed 
and chemical reactivity by measure- discussion of chemical literature and a 
ments of ionization constants and special chapter devoted to the writing 
i reaction rates, countercurrent distri- of a research report. Discussions of 
, bution, gas chromatography, use of theories and general ee have 
. punched cards, and qualitative organic been thoroughly revised. Additions, 
analysis. All experiments have been deletions, and improvements in ex- 
4 thoroughly tested under actual teach- periments have been made on the basis 
ing conditions, and detailed discussions of reports from users of the third edi- 
of their essential features are included. tion. 
J Spring, 1962 Spring, 1962 
‘ SEMI-MICRO LABORATORY EXERCISES 
‘ IN GENERAL CHEMISTRY, Third Edition 
4 By J. Austin Burrows and Paul Arthur; both, Oklahoma 
h State University; and Otto M. Smith, Kansas State Teachers 
College 
: Nine completely new experiments introduce students to a 
t variety of topics not commonly included in general chem- 
f istry—radioisotopes, paper chromatography, determi- 
- nation of ionization constants, argentimetric titrations, and 
modern applications of ion exchange resins. All other ex- 
periments have been thoroughly revised and brought up to 
; date, with additional quantitative experiments offerin 
: many opportunities to use the latest techniques an 
. principles. January, 1962 
‘ The Macmillan Company 
60 FIFTH AVENUE, NEW YORK 11, N.Y. 
A Division of The Crowell-Collier Publishing Company 
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BOOK REVIEWS 


On pages 204-5, pH is defined in terms of 
logarithms, but logarithms are neither de- 
fined nor tabulated in the book. On 
page 217 there is a suggested difference be- 
tween valence and undefined oxidation 
number, and this is the only time the 
latter term seems to appear in the book, 
including the glossary. 

There are statements which vary from 
the fallacious to the half-true to the mis- 
leading. These are the kinds of state- 
ments which students will grasp and re- 
member. The following are examples: 
“Acids, bases, and salts are ionic com- 
pounds ...’’ (p. 172); ‘‘All bases in water 
solutions are alkalies but not all alkalies 


are bases’ (p. 181); In discussing methods 
for expressing hydrogen ion concentration, 
“One is by use of the cH notation, which 
represents the number of grams of hydro- 
gen that are actually ionized within a 
liter of solution’’ (p. 204). 

For those familiar with the seventh 
edition, the format is similar. The new 
edition is more clearly divided into three 
parts: I. Basic Concepts of Chemistry 
(Chapters 1-12); II. The Chemistry of 
Carbon Compounds (Chapters 13-16); 
Ill. Applied Biological Chemistry 
(Chapters 17-29). As before, each chapter 
begins with a survey and outline and ends 
with a summary and questions and exer- 
cises. The entire book has been revised, 
but the text in Parts I and II is very 
similar to chapters 1-17 in edition seven, 
except that the old chapter 13 on the halo- 


= SULFURIC ACID 


REAGENT 


POUNDS 


Gives reproducible results, bottle after bottle 


Take one set of results you got with Du Pont Sulfuric Acid Reagent. You 
can change bottles, shipments or locality, and you’ll reproduce the same 
results—time after time! That’s because Du Pont continuously runs this 
reagent through 113 separate analytical tests to keep it uniform for your 


most stringent requirements. 


It’s of uniformly high purity, too, exceeding American Chemical Society 
requirements. And you get the convenience of single-trip cartons, dripless 
sleeves, safety grips on 5-pint bottles and color-coded caps and labels. 

Du Pont’s family of reagents includes Nitric, Sulfuric, Hydrochloric 
and Glacial Acetic acids, and Ammonium Hydroxide. They’re readily avail- 
able all over the country. Ask your local laboratory supply house or write 
for list of suppliers. Industrial and Biochemicals Department, N-2545JE, 


Wilmington 98, Delaware. 


BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY. Pe ; 
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gens and alkali metals has been condensed 
and incorporated into the new chapter 2. 

The questions and exercises are mostly 
the same. 

Part II has been most extensively re- 
vised and expanded from five to 13 chap- 
ters to give a more complete treatment to 
foods, enzymes, digestion, metabolism, 
vitamins, inorganic salts, hormones and 
blood. The appendices include a bibliog- 
raphy, glossary and a section on the re- 
moval of stains. The section on basic 
mathematics has been omitted in line 
with the almost complete omission of 
arithmetic. 

If it is true, as the authors state, that 
more and more student nurses are coming 
with a background of high school chemis- 
try, books of this type which are inferior 
to the modern high school texts in chemi- 
cal background material, will certainly 
discourage more prospective nurses than 
they will encourage. 

The chemistry course for nurses still 
awaits a modern, authoritative, and imagi- 
native textbook. 

Mitton K. SNYDER 
The Colorado College 
Colorado Springs, Colorado 


Analytical Chemistry of the Rare Earths 


R. C. Vickery, Malibu, California. 
Pergamon Press, Inc., New York, 1961. 
Volume 3 of the International Series 
of Monographs on Analytical Chemis- 
try. viii + 139 pp. Figs. and tables. 
14.5 X 22cm. $6.50. 


The Radiochemistry of the Rare Earths, 
Scandium, Yttrium and Actinium 


P. C. Stevenson and W. E. Nervik, both 
of the Lawrence Radiation Laboratory, 
University of California, Livermore. 
National Academy of Sciences, National 
Research Council, Nuclear Science 
Series, NAS-NS-3020, 1961. Avail- 
able from the Office of Technical Serv- 
ices, Department of Commerce, Wash- 
ington, D.C. x + 282 pp. Figs. and 
tables. 17 X 24cm. Paperbound. $3. 


The increased interest in the chemistry 
of the lanthanide elements is reflected in 
the simultaneous appearance of these two 
monographs. In the first, Dr. Vickery 
has provided a review of the different 
techniques used in rare earth analysis. 
Descriptions are given for san:ple decom- 
position, qualitative detection, separation 
procedures, and both instrumental and 
non-instrumental quantitative techniques. 
Perhaps the most valuable aspect is the 
critical evaluation throughout of the 
various procedures with precautions 
against the various pitfalls which can 
frustrate the uninitiated. In particular 
the chapters concerning absorption and 
emission spectrometry—visible, U.V., and 
X-ray-should be cf interest to every 
chemist interested in instrumental analy- 
sis of the lanthanides. In general, the 
book is easy to read and well-referenced 
with only an occasional mistake (e.g., the 
omission of Table I in Chapter 3). Too 
descriptive and too limited in scope to be 
of broad general interest, this monograph 
should be of interest to students of analyt- 
ical chemistry who desire to broaden 

(Continued on page A770) 
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Valuable Books in Chemistry from McGraw-Hill 


[] PHYSICAL CHEMISTRY 


By GEORGE H. DUFFY, South Da- 
kota State College, Available January, 
1962. 


This text has been prepared as an introduction to physical chemistry for students who 
have had calculus and have followed the modern chemical-bond approach in their intro- 
ductory courses. The theoretical side of physical chemistry is emphasized and only 
enough descriptive and experimental material is presented to support the arguments and to 
form exercises in applying the theory. 


[] CHEMICAL THERMODYNAMICS 


By J. G. KIRKWOOD, and IRWIN 
OPPENHEIM, Convair Division of 
General Dynamics. McGraw-Hill Se- 
ries in Advanced Chemistry. 720 
pages, $8.75. 


A senior-graduate text with Physical Chemistry prerequisite. The text presents rigorous 
treatments of gas mixtures and heterogeneous equilibrium and also of electrochemical sys- 
tems and dielectrics. Contains a new formulation of the Second Law and an important 
statement of relationship between the Second Law and the Carethedeodory Principle. 


[] WRITING GUIDE FOR CHEMISTS: 
Practical Suggestions for Preparing Reports, Dissertations, Articles 


By WALTER J. GENSLER, Boston 
University; and KINERETH D. 
GENSLER. Available now. 


A practical guidebook, succinct and example-crammed, to aid chemists, academic, in- 
dustrial or governmental, in writing reports, dissertations or articles. Part I is a general 
treatment of style, and traces a report from the laboratory notebook to completion. Part 
II lists important “‘do's’’ and ‘‘don't’s."’ 


(] PRINCIPLES OF ORGANIC CHEMISTRY, Third Edition 


By JAMES ENGLISH, and HAROLD 
CASSIDY, Yale University. 515 pages 
$8.95. 


A general revision updating an established text. Primarily for full-year courses for 
pre-meds and other non-majors, it is also suitable for one-semester courses. Avoiding 
the encyclopedic approach, the authors present only topics necessary to demonstrate 
basic principles. 


[] STEREOCHEMISTRY OF ORGANIC COMPOUNDS 


By ERNEST L. ELIEL, University of 
Notre Dame. McGraw-Hill Series in 
Advanced Chemistry. Available Feb- 


ruary, 1962. 


An advanced, up-to-date textbook dealing with the stereochemistry of organic mole- 
cules. Using a sound theoretical approach based on the thermodynamic and kinetic 
concepts wherever possible, the book develops the essential concepts of stereochemistry 
on a level appropriate for students at the advanced undergraduate or graduate level. It 
will be of interest to organic chemists, biochemists and physical chemists. 


L] INTRODUCTION TO GENERAL INSTRUMENTATION 


By EDWARD J. BAIR, Indiana Uni- 
versity. McGraw-Hill Series in Ad- 
vanced Chemistry. Available Jan- 
uary, 1962. 


An introduction for the experimental chemist to a detailed understanding of the design 
and operation of chemical instruments. Emphasis is on the flow of signals and the infor- 
mation they represent. Designed for graduate students and research workers, the book 
covers a representative collection of topics which should give the student an insight into 
new advances in instrumentation as they appear in chemical literature, and an insight 
into the art of designing instruments for new applications. 


Send for copies on approval 


McGraw-Hill Book Company, Inc. 330 W. 42nd St., New York 36, N.Y. 
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BOOK REVIEWS 


their horizon to include a group of elements 
likely to become increasingly important. 

Dr. Vickery recants an earlier view that 
ion exchange techniques were of slight im- 
portance. However, he still fails to de- 
scribe the full versatility of these tech- 
niques for the lanthanides, and gives 
few references to guide the reader to a 
more complete knowledge. A_ second 
criticism which can be made is the rather 
useless chapter on Radiochemical Tech- 
niques in which the discussion is quite in- 
adequate and sometimes even misleading. 
However, these areas'which constitute the 
two faults in an otherwise useful and well- 
written book are very adequately treated 
in the monograph by Drs. Stevenson and 
Nervik. 

This second work is one of a series of 
monographs on the radiochemistry of the 
elements prepared under the sponsorship of 
the Subcommittee on Radiochemistry of 
the National Academy of Sciences— 
National Research Council. (See Tus 
JOURNAL, 37, 386 (1960), 38, 72(1961).) 
The chemistry of the lanthanide elements 
is reviewed with emphasis on the com- 
plexes of these elements both with inor- 
ganic and organic ligands and on the results 
of the studies by solvent extraction and 
chromatographic techniques. A_ great 
body of information is presented with 
little attempt at critical evaluation. The 
latter part of the book is devoted to 29 
separation procedures for these elements. 


more research on the lanthanides and for 
this reason it is recommended to all stu- 
dents of inorganic chemistry. 

These two monographs complement 
each other very well. Neither discusses 
lanthanide chemistry from a fundamental 
viewpoint, both being descriptive in na- 
ture. As specialized monographs, they 
are of interest primarily to the chemist who 
occasionally encounters these elements. 
Their value to students is more limited 
although both suggest many experiments 
with these elements which could be included 
in inorganic and analytical laboratory 
courses. It is to be hoped that these 
volumes may provide the necessary stimu- 
lation for the production of a fundamental 
text on these elements. 

Gregory R. CHopPin 
Florida State University 
Tallahassee 


Crystal Structures. Supplement 5 


W. G. Wyckoff. Interscience Pub- 
lishers, Inc. New York, 1960. 20 x 25 
em. $26.50. 


The publication of supplement 5 com- 
pletes this monumental work, the first 
portion of which was issued in 1948. 
Additions to Chapters 2-15 are included. 
Some are supplementary pages. Others 
are pages to replace those issued earlier. 
Inorganic Formula Index, Mineralogical 
Name Index, and Index to Organic Com- 
pounds are also provided in the present 
supplement. See THIS JOURNAL, 26, 289 
(1949), 35, A620 (1958), and 36, A533 


Any reader of this monograph cannot help (1959). 
but be aware of the necessity for much W.F.K. 
Why Not Write Now 


For Our New 


SCIENCE CATALOGUE? 


BOOKS 


university and research standard 
currently available in the 
english language, in the fields 
of 


CHEMISTRY 
PHYSICS 
GEOLOGY 


British Books are Inexpensive 


JAMES THIN 


UNIVERSITY BOOKSELLER AND PUBLISHER 
53-59 SOUTH BRIDGE, EDINBURGH 


SCOTLAND 
WE SPECIALIZE IN SENDING BOOKS TO OVERSEAS CUSTOMERS 
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ASTRONOMY 
BIOLOGY 
BOTANY 


AUTOMATIC 
SYRINGE 


Repeats Preset 
Volume 
e Assembles instantly 
e Setting locks in place 
e Available to fit standard 
syringes in '/4-1-2-5-10 cc, 
and 10-50 or 100 microliters 


EASY TO HANDLE 


Fine-thread adjusting screw 
permits accurate setting to 
any volume...comes apart 
or reassembles with a slight 
twist without changing the 


with this simple 
new attachment. 


Ask your laboratory supply 
dealer, or write directly to: 


Seientifie 
Industries, Ine. 
Dept. JCE-10, 15 Park Street 
Springfield 3, Massachusetts 


VERSATILE 


VORTEX JR. | 
MIXER 


Convenient 

Efficient Mixing 

Just hold the tube or other 
vessel in your hand... press 
it against the revolving neo- 
prene cup. A vortex forms 
at once for immediate mix- 
ing action! 


_No Stoppers... No Rods 
_No Finger Capping 
" Sayes time ond energy. For use whenever _ 
quick mix is called for . . . works well 
_with any shape vessel. : 


e Test tubes .. . micro to 40 mm, 
e Centrifuge tubes . . . all sizes © 
e Florence or Erlenmeyer flasks... 

smoll size 
Square or $pecially-shapedtubes 


sk your laboratory supp! 2 
ler for detai 


SCIENTIFIC INDUSTRIES, INC. 
‘ Dept. JCE-10, 15 Park Street 
Springfield 3, Massachusetts 


Booth 93, N.I.H. Exhibit, Bethesda, Md., Oct. 10-13 
Booth 56, Eastern Analytical Symposium, N.Y.C., Nov. 15-17 
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ru. 
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(Photographs from the text) by William B. Smith Texas CurisTIAN UNIVERSITY 


NOW IN STOCK—READY FOR WINTER-SPRING CLASSES—SEND FOR YOUR REVIEW COPY 


( ) Curriculum: short course for non-majors, pre-professionals in medicine, dentistry, nursing, education 
and science. 


( ) Approach: research, realities of organic chemistry, natural product chemistry. 


( ) Presentation: new reagents and reactions, partial integration of aliphatics and aromatics, limitations 
of classical reactions, chapter summaries. 


Illustrated (some in full color), tables, index, appendices, 6x9, 266pp. text list: $6.25 


Charles E. Merrill Books, Inc. Dept. G 
NEW : 1300 Alum Creek Drive * Columbus 16, Ohio 


for A Famous Name In Publishing * Books of Lasting Value * Since 1842 


FUNDAMENTAL PRINCIPLES OF PHYSICS AND CHEMISTRY (also Lab Manual by same title) 
by Edward Haenisch, Lewis Salter and Robert Henry — Wabash College 


INSTRUMENTAL METHODS OF ANALYSIS: Problems and Experiments by Robert W. Kiser and 
Clifton E. Meloan — Kansas State University 


FUNDAMENTALS OF CHEMICAL ENGINEERING 
by Charles Thatcher — Pratt Institute 


— ADVANCE COPIES NOW BEING RESERVED 
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This 100-page book on the desiccating agent 
which has served the chemical and engineering 
industries for 25 years will be sent to you without 
obligation. 


“DRIERITE AND ITS APPLICATIONS” 
provides useful data on the relations of water 
vapor to air and other gases, an outline of the 
properties and behavior of DRIERITE, and 
illustrations of equipment designed for particu- 
larly drying processes. 


The original scientific papers are reprinted in 
full: 
SOLUBLE ANHYDRITE AS A 
DESICCATING AGENT 


1. Preparation & General Characteristics 
2. Drying of Organic Liquids 


The book is completely indexed with many 
references to regeneration, laboratory pro- 
cedures and methods, and industrial practices. 


There will be no sales follow-up to your request. 


W. A. HAMMOND DRIERITE COMPANY 


Xenia, Ohio 


Photometers 


Klett-Summerson 


No, 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce, in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


aid 
KLETT SCIENTIFIC PRODUCT. 


BIO-COLORIMETERS @ GLASS ABSORPTION CELLS 
COLORIMETER NEPHELOMETERS @ GLASS STANDARDS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 
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Eberbach Corporation offers a complete line of 
special design containers for the Waring Blendors 
for use in laboratory preparation of chemical, 
biochemical and biological samples. Pyrex brand 
glass, aluminum, stainless steel, and monel metal 
containers are included in the line. They can be 
used interchangeably on One-Speed, Two-Speed 
and Explosion Proof units as well as on Gallon 
Size Power Unit when the Eberbach Adapter is 
also employed. Each embodies the same essen- 
tial design—a four-lobed cross sectional shape 
which continually forces the churning material 
into the rapidly rotating, sharpened stainless steel 
blades. For complete details including capacities 
and prices, write for Catalog 60G. 


P.O. Box 1024 Eberbach Ann Arbor, Michigan 


Over 600 shapes & sizes | jf, 
of laboratory porcelain. 


Coors Chemical Porcelain is in daily use in thousands 
of laboratories the world over. There are over 
600 shapes and sizes listed in the Coors catalog. 
Many items are specially designed for specific procedures 
or tests. Complete range of styles and sizes for 
typical laboratory operations such as ignitions, digestions, 
evaporations, filtrations, grinding and pulverizing. 
Are you familiar with the wide variety of modern 
{ laboratory porcelain available to you? 

Let us send you a priced copy of the complete illustrated 
Coors catalog. Write, today. Coors makes an 
extensive line of ceramic tubes—new catalogs 

available on request. 


COORS PORCELAIN COMPANY 
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CAN OFFER 


@ “Coil Spring" Construction for Guaranteed Precision 
/ Timing. Exclusive non-breakable coil springs at critical 
wearing points absorb shock of constant “‘stop’’ and ‘‘start’ 

. . . prevent friction and wear .. . guarantee smooth per- 
formance, perfect accuracy, for life. @ Independent Hammer 

ing for Perfect Flyback to Zero on every ‘‘Button-on-Side 

Time Out. @ Noiseless Snap-back Time Out on ‘Side Slide” 
Models. @ Dependable, rae, | Heavy Duty Performance in 


Precision Process Timing. . . 
Electronically Tested. @ Scientifi- 
cally Proven Accurate @ Lifetime 

uaran 


Write NOW for our 100th 
Anniversary Catalog covering 
merica's Largest Selection 

of Timing Instruments. 


M. DUCOMMUN CO. 


Specialists in Timing Instruments 
580 Fifth Ave., N. Y. 36 e PL 7-2540 
We are headquarters for stop-watch 
repairs and servicing 


PROPIPETTE 
Safety Pipette Filler 
holds: liquids 


No thoving 
parts 

Simple to 
operate 


The new PROPIPETTE eliminates the dangerous practice of 
using the mouth to draw liquids into pipettes. It is simple to 
use and the operator soon becomes proficient so that liquids 
can be delivered quickly, precisely and safely. Measurement 

ision is extremely high (0.01cc). The instrument has three 
agate-ball valves which operate independently and the entire 
procedure can be done with only one hand. 


comes in black, red, green and blue. - - PRICE $7.60 each 
Available through laboratory dealers. sent on approval 
All laboratory pipettes can be used with 
the PROPIPETTE — Safety Pipette Filler 


Write for additional information 


NEW FIBERGLASS ‘47” 
FUME HOOD FROM LABCONCO 


Here’s a brand new, practical idea for your laboratory 
—an attractive fume hood made of fiberglass! The new 
Fiberglass ‘‘47’’ Fume Hood from Labconco is light, 
rugged, easy to install and easy to maintain. It is highly 
resistant to chemicals and heat. Made of special poly- 
esters, it will not support combustion. 

Almost any flat surface will serve as a base for the 
Fiberglass ‘‘47” or it can be purchased with matching 
base cabinet or table. Colors are white, green and gray. 

The cost? . . . only $475 complete with sash, motor 
and blower. Write today for descriptive brochure. 


LABORATORY CONSTRUCTION CO. 


8811 Prospect Ave., Kansas City 32, Mo. 


A INSTRUMENTATION ASSOCIATES 


Distributors of Laboratory and Scientific Specialties 


17 West 6Oth Street New York 23, N.Y. 
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HELLER 


VARIABLE DC SPEEDS FROM AC LINES ) 


@ Thyratron tubes on the Heller _— viscous or fluid. Variable, reversi- 
GT-21 controllersupply demanded ble motor has direct and gear 
current by converting power in drive. Armature shaft speed, 
stepless variation to the direct 0-5000 rpm. Gear shaft 18:1 ratio. 
current motor. Assures constant Chuck, shafts, 3-step pulley 
torque as mixes become either included, 


Order from your Laboratory Supply Dealer or write— 


GERALD K. HELLER CO. 


2673 South Western Street © Las Vegas, Nevada © P.O. Box 4426 
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LASER OPTICS 


You can extend your capabilities for laser 
investigations by utilizing ISOMET’s extensive 
a growing and precision crystal finishing 
‘acilities. 


LASER CRYSTALS 


FORMS AVAILABLE: Boules or fabricated 
rods with ends polished optically flat and 
parallel. 


REFLECTIVE SURFACES: Evaporated metallic 
coatings or multiple dielectric layers. 


TYPES STOCKED: CaF, doped with divalent 
samarium or trivalent uranium; ruby. 


TYPES CUSTOM GROWN: Host crystals such 
as CaF., CdF., BaF., MgF..—Activators such 
as the rare earths and transition elements. 


Optically flat windows of quartz or various 
optical crystals. 


Interferometer flats « Special reflective cavities 


For prompt attention to your needs call 
Windsor 4-4100. 


Palisades Park, N. J. 


CONTINUOUS INTEGRATORS 


for all applications 


MECHANICAL 

INTEGRATOR 
—Comes in kit form. 
Mounts on your re- 
corder, integrates pen 

position. 


ELECTRONIC 
MODEL 
—Directly Integrates 
Millivolt or 
Milliamp Signals. 


« 


PNEUMATIC MODEL 
—Integrates 3 to 12 psi. 
pneumatic signals. 


We can engineer Integrators 
for any application. 
WRITE, WIRE OR PHONE 
Territories still open in New 
York State and New England. 


Royson Engineering osporme 5.2800 


AUTOMATION IN 


COLUMN 
CHROMATOGRAPHY 


with the SIGMAMOTOR PUMP 


Vernier Adjustment Insures Accuracy at Low Flows 


Various column chromatography metering operations are 
simplified by the use of a peristaltic type constant volume 
pump, such as the Sigmamotor Model T-8. A typical 
installation combines the Sigmamotor pump with solenoid 
actuated valves and timing equipment to deliver elutant 
buffers into ion exchange columns on a reproducible 
schedule. The T-8 pump is equipped with vernier for accu- 
rate flow adjustment. 


Single Sigmamotor units can be provided to handle 1, 2, 
3, or 4 simultaneous pumping operations. Double units are 
available to handle 2, 4, 6, or 8 pumping 
operations at the same 
time. Capacities 
from 1 cc to 250 
cc/minute are 
obtained by the 
vernier adjustment. 
Complete information 
available on request. 


SIGMAMOTOR Inc. 


95 NORTH MAIN STREET e MIDDLEPORT, NEW YORK 


Another Haws “first”! Six spray nozzles ring this extra large 
stainless steel bowl — setting up a feather-soft “field of wa- 
ter” to instantly rid eyes, facial areas, even the entire head 
of searing chemicals. Less spillage, more coverage for first 
aid until medical help arrives. Haws means positive safety! 
Write for illustrated catalog today! 


EYE/FACE-WASH 


HAWS DRINKING FAUCET COMPANY 


: 1443 Fourth Street « Berkeley 10, Calif. 


EXPORT DEPT.: 19 Columbus Avenue, San Francisco 11, California, U.S.A. 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYER'S GUIDE 


CHEMICALS 
SERVICES 


Automatic Switching 
Built-in-Buzzer 


WRITE FOR COMPLETE CATALOG! 


ALL PURPOSE 
LABORATORY 
TIMER 


FEATURING: 
3600 Settings Giant 8” Dial 
Split-Second Accuracy Portable Models 


Panel Mount Models 
Precision Construction 


BERYLLIUM ACETATE, BASIC 
1 BERYLLIUM CARBONATE, BASIC 
l BERYLLIUM PHOSPHATE 
Some of the many special chemicals we 
manufacture 


Write for our list of og chemicals 
CITY CHEMICAL CORP. 


132 W. 22nd St. tt. N.Y. 


@ CRYSTAL LATTICE MODELS 
@ POLYETHYLENE LABWARE 
@ TEACHING AIDS FOR CHEMISTRY 


© Write for information 


AND PHYSICS 
LACKLIGHT LAMPS | 


A precision made High Quality 


A. D. MACKAY, INC. 


FLUORESCENCE ANALYSIS = 
AND CHROMATOGRAPHY = 
MODEL B DESK LAMP........... $24 = 
an efficient and compact unit, complete with 2- = 
a watt UV Blacktubes. = 
Fluorescent and Materias = 
for Classroom ations = 

36 


STROBLITE CO, Inc. 75 w. as v.c. 


Stirrer with 2 Hollow Shafts. 198 Broadway, New York 38, N. Y. 
1. Low speed approx. 18-270 RPM 
2. High speed approx. 150-2250 RPM ——<CHEM ED BUYER’S GUIDE-— 
With increased power 
‘ Advertising Rates 
Rugged and compact with 
many outstanding features. 12 insertions................ $12.00 per inch 
} BULLETIN 1002 
% 13.00 per inch 
HERMAN H. STICHT CO., INC. Less than 6 insertions....... 14.00 per inch 
27 PARK PLACE,.NEW YORK 7,N.Y. 


$3° each (postpaid) 


, 10-19 $2:65 ea. ( id 
206 double size pages 29 ., $2.25 ea. 


Available . 
2nd 


SUPPLEMENTARY READINGS FOR 
CHEMICAL BOND APPROACH 


Complied by ROBERT K. FITZGEREL 
and WILLIAM F. KIEFFER, Editor 
JOURNAL OF CHEMICAL EDUCATION 


“‘These articles continue from the point a textbook is 

forced to stop” . **You have under one cover the best 

collection of articles to stimulate students to seek answers 

on their own that I have ever seen” . “I am pleased to 

find so many of the excellent summaries of modern theory 

pee have made the Journal indispensable to me and my 
udents.”’ 


Comments like these have prompted our making available 
to an unrestricted market the “of 
Readings” originally compiled for use as resource material 
by those engaged in the NSF-sponsored experimental 
course, ‘“The Chemical Bond Approach.”’ 

Old friends of the Journal will find some classics such as 
Fernelius and Robey’s ‘‘Metallic State” (1935), the De- 
Vault series ee Campbell on “‘size” (1946), Noller on 
“orbitals” (1950), etc ew friends will find 1959 favorites 
a as the articles by Taube, Price and Kimball and Loebl. 


—~ modern interpretations of chemical bonding are 
variety of approaches is itself stimulating to the 

reader. The obvious feature common to the dw ym 4 
lection is that these have been written by authors whose 
successful experience with students has —— their 
presentation. 


CHEMICAL EDUCATION PUBLISHING COMPANY 
20TH AND NORTHAMPTON STREETS @ 


EASTON, PENNSYLVANIA 
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De You Need: | 
ANSELL-PLAX Analytical Grade NEW! | 
all-polyethylene Ion Exchange Resins? A Low Priced 
(Prepared from Dowex Resins) UV Lamp 


WASH BOTTLES Both 
— Laboratories Shortwave 


a ALL 32nd & GRIFFIN AVE. + RICHMOND, CALIFORNIA Longwave Price $29.50 
Get the stream you 


J 


A Descriptive leaflet on request | 
Can’t break 
't slip. It’s 
strong acids or = “y f Ultraviolet” 
kalies. Specifie d ses ra 
for use by tohore- o-TOLUALDEHYDE 
tories everywhere m-TOLUALDEHYDE R. P. CARGILLE LABORATORIES INC. } 
p-TOLUALDEHYDE 117 Liberty St, New York 6, N. Y. 
o-FLUORO BENZALDEHYDE 
an integra 
NZALDEHY ill Itin 
DISPENSING ASSEMBLY THAT MEANS mNITRO BENZALDEHYDE 
NO LEAKING, SEEPING OR NECK SPRAY 500°C 
QUICK, EASY REMOVAL OF CAP m-BROMO BENZALDEHYDE and renders obsolete the usual 
° BROMO BENZALDEHYDE combination of hazardous fluid- 
ASSEMBLY pias sluggish high 
4, 6, 8, 16 & 32-0z. sizes. Conveniently Write for Free Catalog #3 
Packed in individual set-up boxes and #4 is in Preparation Now former and excellent viewing is 
polyethylene ye Write us for address rovided by built-in light and 
of our nearest lab supply house. Attractive gray hammer- 
—~ *fitment covered by U.S. Patent #2783919 f tone base occupies only 4”x5”. 
K £ K LABORATORIES only $97.50 includes 
: S \ 400°C thermometer and m.p. capillar- 
5. H. ANSELL & SON, INC. ies. F.0.B. destination in U.S.A. ‘ten stock. 
| _ 825 Summer St., Bgston 27, Mass. Incorporated Write for LABORATORY DEVICES 
: , 177-10 93rd Ave., Jamaica 33, N. Y. Bulletin 60 p.0. BOX 68, CAMBRIDGE 39, MASS. 
= LAE A B- G U A RD “EASTERN” LABORATORY SPECIALTIES: 
Dithiol e Dulcitol e Inulin e Xylitol e Xanthene 
Levulose e Maltose e Rhamnose e Xylose e “TMG”’ 
Imidazole e Octadecyl Bromide e Pentachloroethane 
a-Bromonaphthalene e p-Nitrophenylphosphate, Disodium 
2,4-Dinitrophenylhydrazine e n-Butylurea-Diphenylurea 
Thionalide e 2,3-Butylene Glycol e ‘‘T.H.Q.”’ 
p-Aminohippuric Acid e Chloralose e Malonic Acid 
Write for listing of other fine organic chemicals. 
34-A SPRING STREET 
EASTERN CHEMICAL CORPORATIO NEWARK 4, N. J. 
WIDE-ANGLE PROTECTION 180°, 360° VARNITON LABORATORY PRODUCTS 
Cor 1. Cold Light Demonstration kit using LUMINOL RC ° 
INSTRUMENTS for arniton 
RESEARCH and FATTY ACID STANDARDS 
ANDUSTRY | 6. ACID-CAUSTIC PROOF PAINTS APPLIED SCIENCE LABORATORIES, INC. 
CHELTENHAM 7. EAT RESISTANT Glass Marking Paint Dept.ce, Box 140 
‘ Write—Varniton Co. 416 N. Varney St. Burbank, Calif. State College, Penna. 
FUSION METHODS IN SPECIFY KERN 
fa CHEMICAL MICROSCOPY E When you want to 
DISTILLATION Original Kofler Thermal Apparatus and efficiency 
nstrumen 
ener KOFLER Micro Hot Stage, ata moderate price 
the KOFLER Micro Cold 
aeenenne Stage and the “RCH” 
KERN 
FULL-CIRCLE 
in the temperature range 
—50 to +350°C POLARIMETER | 
Literat available through your lab supply dealer 
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Now auaitalle... 
TEN YEAR CUMULATIVE INDEX 


JOURNAL OF 
Chemical 
Education 


Volumes 26 through 35 
(1949-1958) 


This index has 
been prepared 
with the special 
interests of the 
J.-Chem.-Ed. 
user in mind. 
Not only are 
the conven- 
tional entries 
made by 
author, 
title, and 
inverted 
title, but 
many suggestive subject listings have been used. For ex- 
ample, reference to an article entitled ‘Infrared Spectra of 
Chemisorbed Molecules” can be found under “acetylene,”’ 
one of the compounds discussed. Preparation of the index 
involved hundreds of hours of careful checking not only of 
annual indexes, but the original articles for subject content. 


For the busy teacher the index will be a valuable time 
saver. Students will find it to be an excellent place to start 
on a term paper assignment. For those preparing text or 
laboratory materials it will be an indispensable first-place-to- 
look for reference to both J. Chem. Educ.-type review articles 
and to reports of successful experiments in teaching. The 
more than 5000 subscribers who have begun their personal 
files of the Journal in recent years will find that this one small 
volume puts extra years of the “living textbook of chemistry” 
on their shelves. $2.50 per copy 


(Postpaid) 
SAVE $2.00 
10 year Cumulative Index 
25 year Cumulative Index 


Buy both for only $4.50* 


*A limited number of copies of the 25 year Cumulative 
Index have been set aside for this special offer. Take 
advantage of this saving by ordering today! 


CHEMICAL EDUCATION PUBLISHING CO. 


Now available... 


20th & Northampton Streets ° Easton, Pennsylvania 


the definitive edition 


TESTED DEMONSTRATIONS 
IN CHEMISTRY— 


This volume, the fourth edition of a 
publication designed to support the 
imagination and ingenuity of chemis- 
try professors, carries under one cover a 
collection both definitive and complete. 


CONTENTS 


e Ali the ““Tested Demonstrations in General Chemis- 
try” by Professor Hubert N. Alyea, Princeton University, 
which appeared each month in the Journal of Chemical 
Education during the years 1955 and 1956. 


“Demonstration Abstracts,”’ compiled by Professor 
Alyea, started as a monthly feature in January 1957, and 
are collected for the first time in the present volume. 
These are abstracts of all the demonstrations which 
appeared in the Journal ef Chemical Education from 1924 
through 1956 (33 volumes). 


e “Chem Ed Tested Demonstrations,” edited by 
Professor Frederic B. Dutton, Michigan State University. 
72 such demonstrations are included in this volume. 
These have captured the interest of teachers in schools 
and colleges over the entire world and its list of con- 
tributors is truly international. 


@ Complete Index: This is a selective index, designed to 
be suggestive and helpful but not to do all the work for 
the reader. So vast a literature as that here covered 
(36 volumes of the Journal of Chemical Education) con- 
taining voluminous details, cannot be classified under a 
reasonably sized list of topics. Nevertheless, an index 
enhances the usefulness of this volume as an adjunct to 
the more extensive annual and cumulative indexes of the 


Journal of Chemical Education. 


168 pages 8Y2" X 11" 


$3.00 


10-19 copies, 2.75 EACH 
20 or more, 2.50 EACH 


CHEMICAL EDUCATION PUBLISHING CO. 
20TH AND NORTHAMPTON STREETS @ EASTON, PA. 
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The BIG 


6" EDITION 
DISCOVERY 
Of the 
ELEMENTS 


Elvira 
Weeks 


COMPLETELY REVISED and RE- 

WRITTEN! 
Brought up-to-date to include 
all the exciting new discoveries 
of the past decade. . . the 
author has re-written every 
chapter, stressing the signifi- 
cance of early discoveries in 
terms of what we know today 
and incorporating all the new 
factual and anecdotal material 
that has come to light. 


SPECIAL CHAPTER ON ELE- 

MENTS DISCOVERED BY ATOMIC 

BOMBARDMENT By Henry M. 
Leicester, Ph.D. 


328 PAGES LONGER THAN FIFTH 

EDITION! Packed to the covers 
with fascinating and enter- 
taining new material. 


GREATER READABILITY! Com- 
pletely new format and type 
style have been employed to 
assure easy-to-read legibility 
throughout. 


TEACHER, STUDENT OR SEA- 
SONED CHEMIST, reading for en- 
joyment only, will find Dis- 
covery of the Elements an un- 
usual treat. Rarely has so 
much instructive information 
been presented in such delight- 
fully entertaining fashion! 
920 pages $10.00 postpaid 
ORDER YOUR COPY TODAY 
CHEMICAL EDUCATION 


PUBLISHING CO. 
EASTON, PA. 


ADVERTISERS’ INDEX 
THE COMPANIES LISTED BELOW ..... 


evidence their interest in chemical education by their presence as 
advertisers. This advertising brings to our subscribers information 
about new books, new and established laboratory equipment, and 
apparatus and instruments for both teaching and research. Get 
acquainted with the advertisers in your Journal. Do not hesitate 
to write for their catalogs and literature—and be sure to identify 
yourself as a subscriber to the Journal of Chemical Education. 
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MOLECULAR ORBITAL THEORY for ORGANIC CHEMISTS 


By ANDREW STREITWIESER, University of California, 
Berkeley. Beginning with a description of the derivation 
and limitations of the simple molecular orbital theory of 
quantum mechanics, the author proceeds with a lucid 
exposition of its practical application to the chemical 
properties and reactions of organic compounds. Many 
aspects of modern physical organic chemistry are re- 
viewed and brought up-to-date—including several ex- 
amples of reaction mechanisms, spectroscopy, electron 
spin resonance, etc. The primary aim is to F sage og a 
compact review of the literature, a textbook for the in- 


ABSORPTION 


By ROBERT P. BAUMAN, Polytechnic Institute of Brook- 
lyn. In this first book to present a unified treatment of 
modern practice and theory in absorption spectroscopy at 
an introductory level, the author deals with the methods 
of ultraviolet-visible, infrared, and Raman spectroscopy. 
He covers the interpretation and application of results 
to qualitative and quantitative analysis and to determi- 
nations of molecular structure. The discussions are based 
on instruments and methods in current use in the labora- 
tory. For those with no prior experience in the field, 
the book provides a guide that fills in the background 


terested student, and anoriginal contribution to the general 
knowledge of the field while using a critical approach. 


Many quantitative correlations between theory and ex- 
periment are included, some of which are original, the re- 
mainder being reviews and extensions drawn from the 
available literature. Finally, the book presents—in 
most sections—an understanding of qualitative organic 
chemistry which employs the aid of molecular orbital 
concepts and results. 


1961. Approx. 480 pages. Prob. $12.00 


SPECTROSCOPY 


material necessarily precluded from current research pub- 
lications and specialized monographs. Students will be 
particularly interested in the coverage of two important 
— of view: 1) the analytical pm organic; a compre- 

ensive discussion of the applications of spectroscopy to 

ualitative identification and quantitative analysis; and 
hysical and inorganic; an introduction to the theory 
underlying absorption spectra including a description of 
vibrational and electronic states in terms of their sym- 
metry. 


1961. Approx. 568 pages. Prob. $10.50 


BIOCHEMICAL MECHANISMS 


By LLOYD L. INGRAHAM, University of California, 
Davis. The first wed of this book reviews general 
mechanistic principles of organic and inorganic chemistry 
that are of value to biochemistry. This part includes a 
_ discussion of orbital and other fairly basic concepts in 
order to facilitate the discussion of mechanisms in the 
second section. 

The second part discusses specific biochemical mech- 
anisms and is divided into detailed examinations of the 
various types of reactions. The mechanism of the reaction 


as known in solution chemistry is considered in terms of 
rinciples that may apply to the biochemical reaction. 
lean the mechanisms of action of any model enzymes are 
explained and finally, the enzymic reaction is discussed 
by comparing it with model reactions. The book will be 
of great value to any biochemist who wishes to learn 
more about the area of reaction mechanisms and provides 
the only reliable reference text in this area. 
1961. 


Approx. 112 pages. Prob. $4.75 


PROGRESS in VERY HIGH PRESSURE RESEARCH: Proceedings of an International Conference 
held at Bolton Landing, Lake George, New York, June 13-14, 1960 


Edited by F. P. BUNDY, W. R. HIBBARD, Jr., and 
H. M. STRONG, all of the General Electric Research Labora- 
tory, Schenectady, N.Y. Because of the diversity of de- 
velopments in very high pressure research, it was be- 
lieved that valuable correlations could be achieved by 
bringing together in one conference some of the most ac- 
tive and productive workers in this area—physicists, 
chemists, geologists, metallurgists, ceramists, and en- 
gineers. This book, then, is Fe result of the exchange 


of data, experience, and philosophy at such a confer- 
ence. 


There are twenty-six original research papers with 
additional remarks and discussions. The papers deal 
with such topics as: equipment and technique; struc- 
tures of materials formed under high pressure; and be- 
havior of matter under high pressure. 


1961. 314 pages. $12.00 


The CHEMISTRY of STEROIDS: Corrected First Edition 
By W. KLYNE, Westfield College, University of London 


1961. 


Send for Examination Copies Today 


JOHN WILEY & SONS, INC. 440 Park Avenue South, New York 1°, N. Y. 
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_ SEPARATIONS IN 30 T0 40 MINUTES! 


C-4115X Chromatofilm Thin-Layer Chromatography Assem- 
e- bly—complete with spreader, aligning tray, glass 
to oa plates, storage rack, template, developing cham- 
d bers, pipettes, silica gel, aluminum oxide, plus 
r an aerosol reagent kit containing twelve different 


of * Stahl 


Oniy Teflon*, Pentont, glass or Viton* come imcontact with the 
solution as it flows through this new Beckman Solution Metering 
5 Pump. That’s why even highly corrosive fluids may, be metered 
without danger of damaging the pump or contaminating the solu- 
tion. (Where Viton is attacked, diaphragms made of fg may be 


substituted.) The pump is pre-calibrated . . . leak-free . 


r- story, ask us for bulletin 794. 7 
X Repeat! 
Catalog Model Range Strokes Accuracy ability 
c- No. No. MI/Min. /Min.  MI/Min. MI/Min. Each 
C- 74600 0-2 4 +.040 +.010 $265.00 
p-sgsox 74601 0-5 10 +.100 “+.025 265.00 
74602 0-10 10 +.200° +.050 265.00 
0 74603 0-20 \20 +.400 +.100 265.00 
P-8881X Butyl Valve Diaphragms kepey, set of two ...... 7.60 


* DuPont trademarks 
t Hercules trademark 


Branch Warehouse: Elk Grove Village, Ill. 


i 


disassembled for’ cleaning and steam iaorilisetlon. F or the entire 


This new Chromatofilm equipment makes the 
Thin-Layer method* of producing chromatograms 
easier than ever. It’s fast ...convenient . . . simple 
.--Treliable...and has a wide quantitative range. 
The technique can be learned quickly—even by in- 
experienced personnel. 


Thin-Layer chromatography uses open glass 
plates layered with a thin film of adsorbent in place 


of conventional closed columns. Instead of taking © 


hours, to complete a separation, only 20 to 40 
minutes, are required. And up to 20 determinations 
can be made at one time. Better resolution and 
easy recovery of sample components for further 
study are coat advantages offered by this new 
method. 


You may order the individudl components of the 
Chromatofilm—or the complete assembly, including 
chemicals. Ask us for the entire Chromatofilm story. 


. quickly 


@ Accuracy: +2% 

@ Repeatability: +0.5% 

@ Fluid Temperature Range: 10 to 80°C 

®@ Viscosity Range: 1 to 100 centipoises 

@ Ambient Temperature Range: 50 to 110°F 


@ Power: 115 volts +15 volts, 60 cycles, 30 watts 


Branch Sales Offices: Albany 5, N. Y. « Boston 16, Mass. « Elk Grove — Mi - Phlodelphia 43, Pa. « Silver Spring, Md. 


5"x5"x6 1." deep 
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RIGHT OFF THE SHELF... 


a stabilized Karl Fischer Reagent that can be used repeatedly with 


negligible loss of titer 


CHEMISTS KNOW that a Karl Fischer titration is the 
quickest, simplest, most direct way to determine water 
in solids, oils, organic materials. With Fisher’s Stabilized 
Karl Fischer Reagent you no Jonger have to standardize 
before every titration. It’s a single solution that you can 
keep on the shelf for at least a year, using the reagent as 
you need it, and know the titer won’t fall below 5.0 mg 
of water per milliliter of solution. Standardize once— 


when you open a new bottle; it’s usually enough. 

Fisher Stabilized Karl Fischer Reagent (cat. no. So-K-3) 
works equally well in visual titrations and instrumental 
determinations with a Fisher Titrimeter®. Water is meas- 
ured specifically, with +0.01% accuracy. Buy the solu- 
tion in bulk, and the cost per titration is only a few pennies. 
Write for Data Sheet TD-119, “Stabilized Karl Fischer 
Reagent.” 109 Fisher Building, Pittsburgh 19, Pa. 


F-154 


Fe FISHER SCIENTIFIC 


TH 
World’s Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals : 
Boston + Chicago - Ft. Worth - Houston - New York - Odessa - Philadelphia - Pittsburgh - St. Louis » Washington - Montreal - Toronto 
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